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SPECIFICATION 

Transition metal compound, olefin polymerization compound, and method of 
polymerizing olefin. 
Technical Field 

This invention relates to a new transition metal compound that provides a catalyst that 
can manufacture efficiently and inexpensively a polyolefin and an ot-olefin, as well as an olefin 
polymerization compound that is composed of said transition metal compound and a method of 
polymerizing olefin. In addition, this invention relates to a new transition metal compound that 
provides an ct-olefin polymerization catalyst with few byproducts such as the heavy components 
and the wax components, as well as an olefin polymerization compound that is composed of said 
transition metal compound and a method of polymerizing olefin. 
Background Technology 

To date, Ziegler-Natta catalysts have long been known of as the olefin polymerization 
catalysts used for manufacturing polyolefins, but technical innovation in this field has been 
remarkable, as can be seen from the attention accorded to the recent development of metallocene 
catalysts, and there are some items that have had a significant effect on industry circles. From 
here on, development of the next generation of catalysts is highly anticipated. 

On the other hand, a process employing a nickel complex (Shell Higher Olefin Process: 
SHOP) has been known of as a method for polymerizing ethylene and manufacturing an ethylene 
oligomer (also called "cc-olefin"), but there is the problem that the activity is low. Recently, it 
was discovered that ethylene is polymerized with high activity by means of catalysts that employ 
a nickel diimine complex (International Public Patent Disclosure Bulletin No. 96-23010) and a 
chelate complex of iron or cobalt (Chem. Commun., 1998, 849-850, J. Am. Chem. Soc, 1998, 
120, 7143-7144, J. Am. Chem. Soc, 1998, 120, 4049-4050). For example, according to a method 
of manufacture that employs an iron chelate complex as the chief catalyst and methyl 
alumiiioxane as the promoter, it is reported that it is possible to obtain an item whose ethylene 
polymerization activity is high, and moreover that is superior in the terminal selectivity of the 
ethylene oligomer that is obtained. Furthermore, methods for polymerizing ethylene that employ 
similar complexes have been disclosed in International Public Patent Disclosure Bulletin No. 98- 
27124, International Public Patent Disclosure Bulletin No. 99-02472, and International Public 
Patent disclosure Bulletin No. 99-12981. However, these methods have the drawbacks that they 
all use a large quantity of expensive aluminoxane, and polymers and wax are produced in large 
quantities as byproducts. As such, the current state of affairs is that it has not been possible to 
obtain a method of manufacture with high activity and superior efficiency for the catalysts, and 
where there are few byproducts such as the heavy components and wax components, in addition, 
methods for manufacturing a chelate complex composed of an iron and hetero-atom-containing 
hydrocarbon group as a transition metal compound of Periodic Table Group 8 have been 
disclosed in Japanese Public Patent Disclosure Bulletin HO 1-962 15, Japanese Public Patent 
Disclosure Bulletin H01-96216 and Japanese Public Patent Disclosure Bulletin H01-96217, but 
these are employed for ferromagnetic substance membranes. 

This invention was created from the above-mentioned standpoint, and takes as its purpose 
the provision of an olefin polymerization catalyst with which it is possible to obtain high activity 
at the time of the polymerization of olefins, a transition metal compound that provides the 
former, and a polymerization method of olefins. 



In addition, this invention takes as its purpose the provision of an olefin polymerization 
catalyst with few byproducts such as the heavy components and wax components at the time of 
the polymerization of the a-olefin, a transition metal compound that provides the former, and a 
polymerization method of olefins. 
Disclosure of the Invention 

As a result of their in-depth research aimed at attaining the above-mentioned purposes, 
inventors hereof discovered that a specific transition metal compound of Period Table Groups 8- 
10, and an olefin polymerization catalyst composed of one kind selected from said transition 
metal compound, and an organoaluminum compound, an ionic compound and Lewis acid, as 
well as clay, clay-mineral, and ion-exchange lamellar compound, can effectively attain the 
above-mentioned purposes, and they completed this invention based on this. 

In other words, the gist of this invention is as follows. 

1. A transition metal compound of Periodic Table Groups 8-10 that is expressed by the 
following general formula (1). 

/Formula/ (1) 

(In the formula, M stands for a transition metal of Periodic Table Groups 8-10, and L and L' 
stand for a hetero-atom-containing a hydrocarbon group. X stands for a covalent bonding or ion 
bonding group, and in the event that there are several of these they may either be identical to or 
different from each other. Y stands for a cross linking group that includes an aromatic group, and 
Z stands for the degree of polymerization, which is an integer of 1 or more. M, L and Y may 
either be identical to or different from one another, n is the valence of M.) 

2. The transition metal compound described in 1. above, wherein "L" is expressed by the 
following general formula (2). 

/Formula/ (2) 

(In the formula, H 1 - R 5 stand respectively independently for hydrogen atoms, halogen atoms, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring. R 6 stands for a hydrogen atom, a hydrocarbon group with a carbon number of 1- 
40, halogenized hydrocarbon group with a carbon number of 1-40 or a group containing a hetero- 
atom.) 

3. The transition metal compound described in 1. above, wherein "L"' is expressed by the 
following general formula (3). 

/Formula/ (3) 

(In the formula, R 7 - R 11 stand respectively independently for hydrogen atoms, halogen atoms, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring.) 

4. A transition metal compound that is expressed by the following general formula (4). 



/Formula/ (4) 



(In the formula, V is a cross-linking group that is expressed by the following general formulas 
(5 A) and (5B). 

/Formula/ (5 A) 
/Formula/ (5B) 

M stands for a transition metal of Periodic Table Groups 8-10, and R 1 - R 5 stand respectively 
independently for hydrogen atoms, halogen atoms, hydrocarbon groups with a carbon number of 
1-20, halogenized hydrocarbon groups with a carbon number of 1-20 or groups containing a 
hetero-atom, and these may bond with one another and form a ring. R 6 stands for a hydrogen 
atom, a hydrocarbon group with a carbon number of 1-40, halogenized hydrocarbon group with a 
carbon number of 1-40 or a group containing a hetero-atom. X stands for a covalent bonding or 
ion bonding group, and in the event that there are several of these they may either be identical to 
or different from each other, n is the valence of M. R l2 -R 15 and R 16 -R 23 stand respectively 
independently for hydrogen atoms (excluding R 18 and R 21 ) or hydrocarbon groups with a carbon 
number of 1-20, and these may be either identical to or different from one another. B stands for - 
(R 24 2C) m -, - R 24 2 Si - - O - - S - or - R 24 N -. R 24 stands for a hydrogen atom or a 
hydrocarbon group with a carbon number of 1-20. m is an integer between 0 and 4. 

5. The transition metal compound described in 4. above, in which R 12 and R 16 are respectively 
hydrocarbon groups with a carbon number of 1-20, and R 13 and R 14 are respectively hydrogen 
atoms. 

6. The transition metal compound described in 4. above, where R 6 is the group expressed by the 
following formula. 

/Formula/ 

(In the formula, R 26 -R 29 stand respectively independently for hydrogen atoms, and R 25 stands for 
a methyl group, an ethyl group or a hydrogen atom.) 

7. The transition metal compound described in any one of 1. to 4. above, where the transition 
metal M is iron or cobalt. 

8. The olefin polymerization catalyst composed of the following (A) and (B). 

(A) A transition metal compound that contains a transition metal of Periodic table Groups 8-10, 
two or more groups containing a hetero-atom-containing hydrocarbon, and a cross-linking group. 

(B) At least one kind of compound selected from a compound group composed of an 
orgarioaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-mineral, and ion-exchange lamellar compound (B-4). 

9. The olefin polymerization catalyst composed of the following (A) (B) and (C). 

(A) A transition metal compound that contains a transition metal of Periodic table Groups 8-10, 
two or more groups containing a hetero-atom-containing hydrocarbon, and a cross-linking group. 

(B) At least one kind of compound selected from a compound group composed of an 
organoaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-mineral, and ion-exchange lamellar compound (B-4). 

(C) An organic metal compound 



10. The olefin polymerization compound described in 8. or 9. above, where the (A) component is 
the transition metal compound described in 1. to 7. above. 

11. The olefin polymerization compound described in 8. or 9. above, where the (B) component is 
either alkyl aluminoxane, a boron compound or phyllosilicic acid. 

12. A polymerization method for olefin that polymerizes olefin in the presence of the olefin 
polymerization catalyst described in 8. or 9. above. 

Optimal Mode for Working the Invention 

This invention is a transition metal compound, an olefin polymerization catalyst and a 
polymerization method for olefin like those described above. Below, a detailed explanation is 
provided of this invention. 
1 . Transition metal compound 

The transition metal compound for this invention is the transition metal compound 
expressed by the following general formula (1). 

/Formula/ (1) 

(In the formula, M stands for a transition metal of Periodic Table Groups 8-10, and L and L' 
stand for a hetero-atom-containing hydrocarbon group. X stands for a covalent bonding or ion 
bonding group, and in the event that there are several of these they may either be identical to or 
different from each other. Y stands for a cross linking group that includes an aromatic group, and 
Z stands for the degree of polymerization, which is an integer of 1 or more. M. L and Y may 
either be identical to or different from one another, n is the valence of M.) 

In the formula, M stands for a transition metal of Periodic Table Groups 8-10, and is 
preferably iron, cobalt, palladium or nickel. L stands for a hetero-atom-containing hydrocarbon 
group. Concretely, one can cite such things as groups that contain an oxygen-containing 
hydrocarbon group (an alkoxy group, etc.), a nitrogen-containing hydrocarbon group (an amino 
group, an imino group, etc.), a sihcon-containing group (the silyl group expressed by SiR3, etc.), 
and so on. Preferably, it is a group that contains a nitrogen-containing hydrocarbon group. X 
stands for a covalent bonding or ion bonding group, and in the event that there are several of 
these they may either be identical to or different from each other. One can cite the following as 
concrete examples of X: a hydrogen atom, a halogen atom, a hydrocarbon group with a carbon 
number of 1-20 (preferably 1-10), an alkoxy group with a carbon number of 1-20 (preferably 1- 
10), an amino group, a phosphorous-containing group with a carbon number of 1-20 (preferably 
1-12) (for example, a diphenyl phospheno group), a silicon-containing group with a carbon 
number of 1-20 (preferably 1-12) (for example, a trimethyl silyl group or a trimethyl silyl methyl 
group), or a halogen-containing boron anion (for example, BR*). Among these, a halogen atom 
and a hydrocarbon group with a carbon number of 1-20 are preferable. As examples of halogen 
atoms, one can cite a fluorine atom, chlorine atom, bromine atom and iodine atom, among which 
a chlorine atom is preferable. Y stands for a cross-linking group that includes an aromatic group, 
and one can cite as a concrete example a bivalent aromatic hydrocarbon group, for example, an 
allylene group with a carbon number of 6-20. One can further cite as concrete examples of an 
allylene group with a carbon number of 6-20 a phenylene group, tolylene group, xylylene group, 
naphthylene group, methyl naphthylene group, etc. Z stands for the degree of polymerization, 
which is an integer of 1 or more. The range of Z can be 1-1000, but preferably it is 1-100, and 
still more preferably 1-10, and optimally it is 1. n is the valence of M, and concretely it is 0-3. 



The transition metal compound in which "L" is expressed by the following formula (2) is 
preferable as the transition metal compound for this invention. 

/Formula/ (2) 

(In the formula, R 1 - R 5 stand respectively independently for hydrogen atoms, halogen atoms, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring. R 6 stands for a hydrogen atom, a hydrocarbon group with a carbon number of 1 - 
40, halogenized hydrocarbon group with a carbon number of 1-40 or a group containing a hetero- 
atom.) 

R 1 - R 5 stand respectively independently for hydrogen atoms, halogen atoms, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring. As examples of halogen atoms, one can cite a fluorine atom, chlorine atom, 
bromine atom and iodine atom. As examples of a hydrocarbon group with a carbon number of 1- 
20, one can cite a straight chain or branching alkyl group with a carbon number of 1-20, a cyclo- 
alkyl group with a carbon number of 3-20, an allele group with a carbon number of 6-20, a allele 
alkyl group with a carbon number of 7-20, and so on. One can cite the following as concrete 
examples of the above-mentioned straight chain or branching alkyl group with a carbon number 
of 1-20: a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl 
group, sec-butyl group, tert-butyl group, various kinds of pentyl groups, various kinds Of hexyl 
groups, various kinds of octyl groups, various kinds of decyl groups, various kinds of tetradecyl 
groups, various kinds of hexadecyl groups, various kinds of octadecyl groups, etc. One can cite 
the following as concrete examples of the above-mentioned cyclo-alkyl groups with a carbon 
number of 3-20: a cycld-pentyl group, a cyclo-hexyl group, a cyclo-octyl group, etc. An 
appropriate substituent, such as a subalkyl group, etc., may be introduced on the ring of the 
cyclo-alkyl group. In addition, one can cite as concrete examples of an allele group with a carbon 
number of 6-20 the following: a phenyl group, tolyl group, xylyl group a naphthyl group, a 
methyl naphthyl group, etc. One can cite as concrete examples of an allele alkyl group with a 
carbon number of 7-20 the following: a benzyl group, a phenethyl group, etc. As a halogenized 
hydrocarbon group with a carbon number of 1-20, there is a hydrocarbon group in which the 
above-mentioned hydrocarbon group with a carbon number of 1-20 has been halogenized. 

One can cite - OR, - SR and - NR 2 as groups that contain a hetero-atom. R stands for a 
hydrocarbon group with a carbon number of 1-20. One can cite as examples of a hydrocarbon 
group with carbon number of 1-20 the items indicated in the explanation for the above- 
mentioned R*-R 5 . 

R 6 stands for a hydrogen atom, a hydrocarbon group with a carbon number of 1-40, 
halogenized hydrocarbon group with a carbon number of 1-40 or a group containing a hetero- 
atom.' One can cite as examples of a hydrocarbon group with a carbon number of 1-40 and 
halogenized hydrocarbon group with a carbon number of 1-40 the above-mentioned hydrocarbon 
group with a carbon number of 1-20 and the above-mentioned halogenized hydrocarbon group 
with a carbon number of 1-20. In addition to these, one can cite for the above-mentioned 
hydrocarbon group with a carbon number of 1-20 and the above-mentioned halogenized 
hydrocarbon group with a carbon number of 1-20 a hydrocarbon group to which one of the 
following has been bonded: the above-mentioned straight chain or branching alkyl group with a 



carbon number of 1-20, cyclo-alkyl group with a carbon number of 3-20, and allele group with a 
carbon number of 6-20, allele alkyl group with a carbon number of 7-20. One can cite as 
examples of a group containing a hetero-atom items that are similar to those mentioned above. 
An allele group with a carbon number of 6-20 is preferable as R 6 . One can cite as concrete 
examples of R 6 a hydrocarbon group that contains a phenyl group, tolyl group, xylyl group, 
naphthyl group, methyl naphthyl group, etc. Among these, the heavy components and the wax 
components are controlled in the event that R 6 is given by the following formula, so this is 
preferable. 

/Formula/ 

(In the formula, R 26 -R 29 stand respectively independently for hydrogen atoms, and R 25 stands for 
a methyl group, ethyl group or hydrogen atom.) 

The transition metal compound in which "L'" is expressed by the following formula (3) 
is preferable as the transition metal compound for this invention. 

/Formula/ (3) 

(In the formula, R 7 - R 11 stand respectively independently for hydrogen atoms, halogen atoms, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring. As examples of halogen atoms, one can cite a fluorine atom, chlorine atom, 
bromine atom and iodine atom. One can cite as examples of a hydrocarbon group with carbon 
number of 1-20 the items indicated in the explanation for the above-mentioned R*-R 5 .) 

One can cite as a concrete example of the transition metal compound for this invention 
the transition metal compound expressed by general formula (4) that is described above. 
In the case of the compound where V is expressed by general formula (5A): 

/Formula/ (5A) 

One can cite items that are the same as the explanation for the above-mentioned general formulas 
(1) and (2) for M, X, n, R^R 5 and R 6 in general formula (4). A univalent anion is more 
preferable as X, and particularly preferable is a univalent anion selected from a halogen atom and 
an alkyl group. R 12 -R 15 stand respectively independently for hydrogen atoms or hydrocarbon 
groups with a carbon number of 1-20, and these may be either identical to or different from one 
another. One can cite as examples of a hydrocarbon group with carbon number of 1-20 the items 
indicated above. In the above-mentioned general formula (5 A), in the case of a transition metal 
compound in which R 12 and R 15 are respectively independently a hydrocarbon group with a 
carbon number of 1-20, and R 13 and R 14 are respectively hydrogen atoms, this is preferable since 
it is possible to obtain high activity. In addition, in a case where R 12 -R 15 are all methyl groups, 
this is preferable since it is possible to obtain high activity. 
In the case of the compound where V is expressed by general formula (5B): 



/Formula/ (5B) 



One can cite items that are the same as those mentioned above for M, X, n, R*-R 5 and R 6 . A 
univalent anion is more preferable as X, and particularly preferable is a univalent anion selected 
from a halogen atom and an alkyl group. One can cite items that are the same as those mentioned 
above as examples of a hydrocarbon [group] with a carbon number of 1-20 that make up R 16 , 
R 17 , R 19 , R 20 , R 22 and R 23 . Among these, R 1 *, R 17 , R 19 , R 20 , R 22 and R 23 are hydrogen atoms, and 
when R 18 and R 21 are methyl groups or ethyl groups it is possible to obtain an ct-olefin with high 
activity and moreover with few heavy components and wax components. 

B stands for - (R^C)™ -, - R 24 2 Si - - O - S or - R 24 N R 24 stands for a hydrogen 
atom or a hydrocarbon group with a carbon number of 1-20. One can cite items that are the same 
as those mentioned above as examples of a hydrocarbon [group] with a carbon number of 1-20. 
m is an integer between 0 and 4. R 16 and R 23 may be bonded together and form a ring. In the 
event that m is 0, a fluorenyl ring is formed owing to the fact that R 16 and R 23 are bonded 
through a methylene ring. In general formula (4), in the event that V is a fluorenyl group or a 
substituted fluorenyl group, there is little by-production of heavy components and wax 
components in those instances where this kind of transition metal compound is employed as the 
catalyst component used for manufacturing a-olefin. 

Next, if one were to indicate concrete examples of the transition metal compounds 
expressed by the above-mentioned general formula (1), one could cite the following compounds 
1-47. 

[compound 1] 

[compound 2] 

[compound 3] 

[compound 4] 

[compound 5] 

[compound 6] 

[compound 7] 

[compound 8] 

[compound 9] 

[compound 10] 

[compound 1 1] 

[compound 12] 



[compound 13] 



[compound 15] 



[compound 17] 



[compound 19] 



[compound 21] 



[compound 23] 



[compound 25] 



[compound 27] 



[compound 29] 



[compound 31] 



[compound 33] 



[compound 35] 



[compound 14] 



[compound 16] 



[compound 18] 



[compound 20] 



[compound 22] 



[compound 24] 



[compound 26] 



[compound 28] 



[compound 30] 



[compound 32] 



[compound 34] 



[compound 36] 



[compound 37] 



[compound 38] 

[compound 39] 

[compound 40] 

[compound 41] 

[compound 42] 

[compound 43] 

[compound 44] 

[compound 45] 

[compound 46] 

[compound 47] 

Among these, the preferable items are the complexes of iron and the complexes of cobalt 
as noted above, and particularly preferable are the complexes of iron. In addition, the compounds 
expressed by general formula (4) are preferable as transition metal compounds, and it is 
preferable that R 6 in formula (4) is either a phenyl group, or an alkyl allele group that is 
substituted with a subalkyl group, such as a methyl group or ethyl group. It is possible to indicate 
diagrariunatically such a transition metal compound as follows. 

/Formula/ 

The above figure shows the right half of general formula (4). In the above figure, R may beR 22 
in (5B), and R 15 may be R 21 in (5B). In the above figure, there are many cases where R 13 , R 15 , 
R 25 and R 29 , which are in neighboring contact with the transition metal M, are related to the 
.catalytic performance. In other words, in the event that any two of R 13 , R 15 , R 25 and R 29 aare 
subalkyls, and the other two are hydrogen atoms, it is possible to obtain a highly active catalyst. 
On the other hand, in the event that one ofR 13 , R 15 ,R 25 andR 29 are subalkyls, arid the other three 
are hydrogen atoms, or R 13 , R 15 , R 25 and R 29 are all hydrogen atoms, it is possible to obtain a 
catalyst used for manufacturing a-olefin with few heavy coiriporierits and wax components. In 
this case, the former is optimal given the fact that the ct-olefin selectivity coefficient is high. 
Concretely, compound 3, compound 27, compound 28 and compound 29 are preferable as 
transition metal compounds that provide a catalyst with high activity. Compounds 31, 34, 46 arid 
47 are preferable as transition riietal compounds that provide a catalyst with few heavy 
components or wax components. In addition, compound 30 is preferable as a transition metal 
compound that provides a catalyst with high activity and few heavy components or wax 
components. 



There are no limits in particular on the method for manufacturing the transition metal 
compound expressed by the above-mentioned general formula (1), and as one example an 
account is provided of the method for manufacturing a transition metal compound that possesses 
a diimine Ugand. One can cite as the method for synthesizing the ligand (diimino group) in the 
transition metal group for this invention a method for inducing a reaction between the compound 
expressed by following general formula (6), the compound expressed by general formula (7) and 
the compound expressed by general formula (8A) or the compound expressed by general formula 
(8B). For R 25 -R 29 in general formula (7) one can cite respectively independently hydrogen atoms, 
methyl groups, ethyl groups, etc. 

/Formula/ (6) 

/Formula/ (7) 
/Formula/ (8A) 
/Formula/ (8B) 

In the event that a reaction is induced between these compounds, one may employ an 
organic acid such as formic acid. Moreover, it is also possible to manufacture the transition metal 
compound expressed by the above-mentioned general formula (1) by means of a method 
whereby a reaction is induced between the halogenide of the transition metal M (MX^, X 1 : 
halogen), or the hydrate thereof, with the Ugand obtained as described above. 
2. Olefin polymerization catalyst 

The olefin polymerization catalyst for the present invention is a catalyst composed of the 
following (A) component and (B) component. The (A) component is a transition metal 
compound that contains a transition metal of Periodic Table Groups 8-10, two or more groups 
containing a hetero-atom-containing hydrocarbon, and a cross-linking group; 

The (B) component is at least one kind selected from a compound group composed of an 
organoaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-mineral, and ion-exchange lamellar compound (B-4). 

In addition, the olefin polymerization catalyst for this invention is a catalyst composed of 
the following (A) component, (B) component and (C) component. 

The (A) component is a transition metal compound that contains a transition metal of 
Periodic Table Groups 8-10, two or more groups containing a hetero-atom-containing 
hydrocarbon group, and a cross-linking group. 

The (B) component is at least one kind selected from a compound group composed of an 
organoaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-mineral, and ion-exchange lamellar compound (B-4). 

The (C) component is an organic metal compound. 

An explanation of each component is provided below. 
(A) Component 

The (A) component is a transition metal compound that contains a transition metal of 
Periodic Table Groups 8-10, two or more groups containing a hetero-atom-containing 



hydrocarbon group, and a cross-linking group. There are no particular restrictions on the 
transition metal of Periodic Table Groups 8-10, but one can cite as preferable examples thereof 
iron, cobalt, palladium and nickel. One can cite as examples of the hetero-atom-containing 
hydrocarbon group an oxygen-containing hydrocarbon group (an alkoxy group, etc.), a nitrogen- 
containing hydrocarbon group (an amino group, an imino group, etc.), a silicon-containing group 
(the silyl group expressed by SiR3, etc.), and so on. Among these, the nitrogen-containing 
hydrocarbon group is preferable. There is no particular restriction on the cross-linking group, but 
one can cite as examples a hetero-atom-containing group and a hydrocarbon group. Among these 
a hydrocarbon group is preferable, and particularly preferable is a cross-linking group that 
contains an aromatic group. One can cite as concrete examples of the (A) component the above- 
mentioned transition metal compounds. As the (A) component, it may be a compound whose 
degree of polymerization in the above-mentioned general formula (1) is identical, or it may be a 
mixture of different items. 
(B) Component 

The (B) component is at least one kind selected from a compound group composed of an 
organoaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-mineral, and ion-exchange lamellar compound (B-4). 
(B-l) Organoaluminum Compound 

One can cite the alkyl base containing organoaluminum compound expressed by the 
following general formula (9) as an example of the organoaluminum compound. 



(In the formula, R stands for an alkyl group with a carbon number of 1-8, and preferably 1-4, 
and in the event that there are two or more of R 30 they may be the same of different. X 2 stands 
for a hydrogen atom or a halogen atom. In addition, as far as m is concerned, 0 < m < 3, and 
preferably 2 or 3, and most preferably 3, while as far as n is concerned, 0 < n < 3, and preferably 
0 or 1 . In addition, 0<m + n<3.) 

In addition, one can cite the chain aluminoxane expressed by the following general 
formula (10) as an organoaluminum compound. 



(In the formula, R stands for a hydrocarbon group, such as an alkyl group, alkenyl group, allele 
group, allele alkyl group, etc., with a carbon number of 1-20, and preferably of 1-12, or a 
halogen atom, and w stands for the mean degree of polymerization, which is ordinarily an integer 
between 2 and 50, and preferably between 2 and 40. Each R 31 may be the same or different.) 

One can also cite the ring aluminoxane expressed by the following general formula (11) 
as an organoaluminum compound. 



/Formula/ 



(9) 



/Formula/ 



(10) 



/Formula/ 



(ii) 



(In the formula, R 31 and w are the same as the items in the above-mentioned general formula 
(10). 



One can cite as the method for manufacturing the above-mentioned aluminoxane a 
method whereby alkyl aluminum and a condensing agent such as water, etc., are brought into 
contact, but there is no particular restriction on the means thereof, and one may induce the 
reaction in accordance with the well-known methods. For example, there are the following 
methods: © A method whereby the organoaluminum compound is dissolved in an organic 
solvent, and this is brought into contact with water; © A method whereby the organoaluminum 
compound is added right at the start during polymerization, and water is added later; (D A 
method whereby the crystal water that is contained in metal salts, etc., and the adsorption water 
to inorganic matter or organic matter is caused to react with the organoaluminum compound; and 
© A method whereby a reaction is induced between trialkyl aluminum and tetraalkyl 
dialuminoxane, and then this is further reacted with water. 

The aluminoxane may be a kind that is insoluble in hydrocarbon solvents or a kind that is 
soluble in hydrocarbon solvents. Preferably, it will be soluble in hydrocarbon solvents, and 
moreover it will be the case that the residual organoaluminum compound that is measured by 1 H- 
NMR is 10% by weight or less. Still more preferably, the residual organoaluminum compound is 
3-5% by weight or less, and particularly it is 2-4% by weight or less. When the residual 
organoaluminum compound exceeds 10% by weight, there are times when the polymerization 
activity declines. 

As a method for obtaining this kind of aluminoxane, one can cite for example a method 
(also known as the "dry up method") whereby the solvent is removed by distillation, and then 
dried, by subjecting the solution of the aluminoxane to heating and reduced pressure. 

In addition, one can cite for example as a method for removing the insoluble components 
from the aluminoxane to the hydrocarbon solvent a method whereby the insoluble components 
are caused to precipitate naturally in the hydrocarbon solvent, and then after that are separated by 
decantation. Or, a method whereby these components are separated by an operation such as 
ceritrifugation, etc., is also acceptable. After that, the insoluble components can be fully 
eliminated by further filtering the recovered soluble components under nitrogen airflow with a 
filter made of G5 glass, so this is preferable. There are times when the gel component of the 
aluminoxane obtained in this manner increases with the passage of time, and it is preferable that 
it be used within 48 hours after preparation, and particularly preferable that it be used 
immediately after preparation. There is no particular restriction on the proportion of the 
aluminoxane and the hydrocarbon solvent, but it is preferable that it be used in a concentration 
such that the aluminum atoms in the aluminoxane become 0.5 to 10 moles relative to one liter of 
hydrocarbon solvent. 

One can cite as examples of the above-mentioned hydrocarbon solvent the following: 
aromatic hydrocarbons such as benzene, toluene, xylene, cumene, and cymene, aliphatic 
hydrocarbons such as pentane, hexane, heptane, octane, decane, dodecane, hexadecane, and 
octadecane, alicyclic hydrocarbons such as cyclopentane, cyclohexane, cyclooctane and methyl 
cyclopehtane, and petroleum fractions of distillates such as naphtha, kerosene and light gas oil. 

Alkyl aluminoxanes such as methyl aluminoxane, ethyl aluminoxane and isobutyl 
aluminoxane are preferable as the aluminoxane. Among these, methyl aluminoxane is still more 
preferable. One kind of these aluminoxanes may be used by itself, and one may also use a 
combination of two or more kinds of them or aluminoxanes that possess a different alkyl group 
(for example, methyl group and isobutyl group). 
(B-2) Ionic Compound 



It is possible to use any number of items as the ionic compound that can react with the 
above-mentioned transition metal compound and that can convert into the cationic transition 
metal, but it is possible to use optimally the items expressed by the following general formulas 
(12) and (13) from the standpoint that they can form the polymerization activity point with 
particular efficiency. 

/Formula/ (12) 
/Formula/ (13) 

(In the above formulas, L 2 is M 1 , R 33 R 34 M 2 , R 35 3 C or R 36 M 2 .) 

In the above-mentioned formulas (11) and (12), L 1 stands for a Lewis base. [Z]" stands 
for a non-coordinated anion [Z 1 ]" or [Z 2 ]\ [Z 1 ]" is an anion in which several groups are bonded to 
an element, in other words [MW....G], and M 3 stands for the elements of Periodic Table 
Groups 5-15, and preferably the elements of Periodic Table Groups 13-15. G 1 to G f stand 
respectively for a hydrogen atom, a halogen atom, an alkyl group with a carbon number of 1-20, 
a dialkyl amino group with a carbon number of 2-40, an alkoxy group with a carbon number of 
1-20, an allele group with a carbon number of 6-20, an allele oxy group with a carbon number of 
6-20, an alkyl allele group with a carbon number of 7-40, a halogen substituted hydrocarbon 
group with a carbon number of 1-20, an acyl oxy group with a carbon number of 1-20, an 
organic metalloid group, or a hetero-atom-containing hydrocarbon group with a carbon number 
of 2-20. Two or more of G 1 to G f may form rings, f stands for an integer [(the valence of the 
center metal M 3 ) + 1], [Z 2 ]" stands for a conjugate base of a Bronsted acid alone in which the 
logarithm (pKa) of the reciprocal of the acid dissociation constant is -10 or below, or of a 
combination of a Bronsted acid and a Lewis acid, or a conjugate base that is generally defined as 
an extra strong acid. In addition, the Lewis acid may be coordinated. In addition, R 32 stands for a 
hydrogen atom, an alkyl group with a carbon number of 1-20, an allele group with a carbon 
number of 6-20 an alkyl allele group and an allele alkyl group. R 33 and R 34 stand respectively for 
cyclopentadienyl group, a substituted cyclopentadienyl group, an indehyl group or a fludrenyl 
group, and R 35 stands for an alkyl group with a carbon number of 1-20, an allele group, an alkyl 
allele group or an allele alkyl group. R 36 stands for a macrocyclic ligand such as tetraphenyl 
porphyrin or phthalocyanine. h is the ion value number of [L^R 32 ] and [L 2 ], and is an integer 
between 1 and 3. a is an integer of 1 or above, and satisfies the relationship b = (h x a). M 1 stands 
for the elements of Periodic Table Groups 1-3, 11-13 and 17, and M 2 stands for the elements of 
Periodic Table Groups 7-12. 

Here, one can cite the following as concrete examples of L l : aminos such as ammonia, 
methyl amine, aniline, dimethyl amine, diethyl amine, N-methyl aniline, diphenyl amine, N, N- 
dimethyl aniline, trimethyl amine, trimethyl amine, tri-n-butyl amine, methyl diphenyl amine, 
pyridine, p-bromo-N, N-dimethyl aniline, p-nitro-N, N-dimethyl aniline, etc., phosphines such as 
trimethyl phosphine, triphenyl phosphine, diphenyl phosphine, etc., esters such as benzoic ethyl, 
etc., and nitriles such as acetonitrile, benzbnitrile, etc. 

One can cite as concrete examples of R 32 such things as hydrogen, a methyl grou^>, an 
ethyl group, a benzyl group, a trityl group, etc., and one can cite as concrete examples of R 3 and 
R 34 a cyclopentadienyl group, a methyl cyclopentadienyl group, an ethyl cyclopentadienyl group, 
a pentamethyl cyclopentadienyl group, etc. As concrete examples of R 35 one can cite such things 
as a phenyl group, a p-tolyl group, a p-methoxyphenyl group, etc., and one can cite as concrete 



examples of R such things as tetraphenyl phosphine, phthalocyanine, methallyl, etc. In 
addition, one can cite as concrete examples of M 1 such things as Li, Na, K, Ag, Cu, Br, I, etc., 
and one can cite as concrete examples of M 2 such things as Mn, Fe, Co, Ni, Zn, etc. 

In addition, in [Z 1 ]", that is, in [M^G 2 ...^], one can cite as concrete examples of M 3 
such things as B, Al, Si, P, As, Sb, etc., and preferably B and Al. In addition, as concrete 
examples of G 1 , G 2 to G f , one can cite the following: a dimethyl amino group, a diethyl amino 
group, etc., as dialkyl amino groups; a methoxy group, an ethoxy group, an n-butoxy group, a 
phenoxy group, etc., as alkoxy groups or allele oxy groups; a methyl group, an ethyl group, an n- 
propyl group, an isopropyl group, an n-butyl group, an isobutyl group, an n-octyl group, an n- 
eicosyl group, a phenyl group, a p-tolyl group, a benzyl group, a 4-t-butyl phenyl group, a 3, 5- 
dimethyl phenyl group, etc., as hydrocarbon groups; fluorine, chlorine, bromine and iodine as 
halogen atoms; a p-fluorophenyl group, a 3, 5-difluorophenyl group, a pentachlorophenyl group, 
a 3, 4, 5-trifluorophenyl group, a pentafluorophenyl group, a 3, 5-bis (trifluoromethyl) phenyl 
group, a bis(trimethyl silyl) group, etc., as hetero-atom-containing hydrocarbon groups; and a 
pentamethyl ammonia group, a trimethyl silyl group, a trimethyl germyl group, a diphenyl 
afsine, a dicyclohexyl ammonia group, diphenyl boron, etc., as organic metalloid groups. 

In addition, one can cite as concrete examples of non-coordinated ammonia, that is, [Z 2 ]", 
the conjugate base of a Bronsted acid alone in which pK* is -10 or below, or of a combination of 
a Bronsted acid and a Lewis acid, the following: trifluoromethane sulfonic acid anion (CF3SO3)", 
bis(trifluoromethane sulfonyl) methyl anion, bis(trifluoromethyl sulfonyl) benzyl anion, 
bis(trifluoromethyl sulfonyl) benzyl amide, perchloric acid anion (CIO4)", trifluoro acetic acid 
anion (CF3CO2)", hexafluoro antimony anion (SbF 6 )~, fluorosulfonic acid anion (FS0 3 )~, 
chlorosulfonoic acid anion (CISO3)", fluorosulfonic acid anion/5 -antimony fluoride (FSCVSbFs)", 
fluorosulfonic acid anion/5-arsenic fluoride (FSO3/ASF5)', and fluoromethane sulfonic acid/5- 
antimony fluoride (CF 3 S0 3 /SbF 5 ). 

One can cite as concrete examples of this kind of (B-2) component compound the J- 
following: tetraphenyl trimethyl ammonium borate, tetraphenyl tri-n-butyl ammonium borate, 
tetraphenyl trimethyl ammonium borate, tetraphenyl tetraethyl ammonium borate, tetraphenyl 
methyl (tri-n-butyl) ammonium borate, tetraphenyl benzyl (tri-n-butyl) ammonium borate, 
tetraphenyl dimethyl diphenyl ammonium borate, tetraphenyl triphenyl (methyl) ammonium 
borate, tetraphenyl trimethyl ammonium borate, tetraphenyl methyl pyridinium borate, 
tetraphenyl benzyl pyridinium borate, tetraphenyl methyl (2-cyanopyridinium), tetrakis 
(pentafluorophenyl) trimethyl ammonium borate, tetrakis (pentafluorophenyl) tri-n-butyl 
ammonium borate, tetrakis (pentafluorophenyl) triphenyl ammonium borate, tetrakis 
(pentafluorophenyl) tetra-n-butyl ammonium borate, tetrakis (pentafluorophenyl) tetraethyl 
ammonium borate, tetrakis (pentafluorophenyl) benzyl (tri-n-butyl) ammonium borate, tetrakis 
(pentafluorophenyl) methyl diphenyl ammonium borate, tetrakis (pentafluorophenyl) triphenyl 
(methyl) ammonium borate, tetrakis (pentafluorophenyl) methyl ammonium borate, tetrakis 
(pentafluorophenyl) dimethyl ammonium borate, tetrakis (pentafluorophenyl) trimethyl 
ammonium borate, tetrakis (pentafluorophenyl) trimethyl pyridinium borate, tetrakis 
(pentafluorophenyl) methyl pyridinium borate, tetrakis (pentafluorophenyl) benzyl pyridinium 
borate, tetrakis (pentafluorophenyl) methyl (2-cyanopyridinium) borate, tetrakis 
(pentafluorophenyl) benzyl (2-cyanopyridinium) borate, tetrakis (pentafluorophenyl) methyl (4- 
cyanopyridinium) borate, tetrakis (pentafluorophenyl) triphenyl phosphonium borate, tetrakis 
[bis(3, 5-ditriflu6romethyl)phenyl] dimethyl ammonium borate, tetraphenyl ferrocenium borate 
tetraphenyl silver borate, tetraphenyl trityl borate, tetraphenyl tetraphenyl porphyrin manganese 



borate, tetrakis (pentafluorophenyl) ferrocenium borate, tetrakis (pentafluorophenyl) (1, 1'- 
dimethyl ferrocenium) borate, tetrakis (pentafluorophenyl) decamethyl ferrocenium borate, 
tetrakis (pentafluorophenyl) silver borate, tetrakis (pentafluorophenyl) trityl borate, tetrakis 
(pentafluorophenyl) lithium borate, tetrakis (pentafluorophenyl) sodium borate, tetrakis 
(pentafluorophenyl) tetraphenyl porphyrin manganese borate, tetrafluoro silver borate, 
hexafluoro silver phosphorate, hexafluoro silver arsenate, silver perchlorate, trifluoro silver 
acetate and trifluoromethane silver sulfonate. Among these, a boron compound is preferable as 
the (B-2) component. 
(B-3) Lewis Acid 

There are no particular restrictions on the Lewis acid, which is the (B-3) component, and 
it may be either an organic compound or a solid inorganic compound. Boron compounds, 
aluminum compounds, etc., are employed as organic compounds, and magnesium compounds, 
aluminum compounds, etc., are employed as inorganic compounds, preferably, from the 
standpoint that it is possible to form an activity point efficiently. One can cite as examples of 
said aluminum compounds bis(2, 6-di-t-butyl-4-methylphenoxy) aluminum methyl, (1, l'-bi-2- 
naphthoxy) aluminum methyl; as examples of said magnesium compounds magnesium chloride, 
diethoxy magnesium, etc.; as examples of aluminum compounds aluminum, aluminum chloride, 
etc.; and as examples of boron compounds triphenyl boron, tris(pentafluorphenyl) boron, tris[3, 
5-bis(trifluoromethyl) phenyl] boron, tris[(4-fluoromethyl) phenyl] boron, trimethyl boron, 
triethyl boron, tri-n-butyl boron, tris(fluoromethyl) boron, tris(pentafluoroethyl) boron, 
tris(nonafluorobutyl) boron, tris(2, 4, 6-trisluorophenyl) boron, tris(3, 5-difluorophenyl) boron, 
tris[3, 5-bis(trifluoromethyl) phenyl] boron, bis(pentafluorophenyl) fluoro boron, diphenyl fluoro 
boron, bis(pentafluorophenyl) chloro boron, dimethyl fluoro boron, diethyl fluoro boron, di-n- 
butyl fluoro boron, pentafluorophenyl difluoro boron, phenyl difluoro boron, pentafluorophenyl 
dichloro boron, methyl difluoro boron, ethyl difluoro boron and n-butyl difluoro boron. It is 
permissible to use one kind of these Lewis acids, or to use a combination of two or more kinds. 
(B-4) Clay, Clay-Minerals and Ion Exchange Lamellar Compound 

Clay refers to an aggregate of fine water-containing silicate minerals. Clay is a substance 
that produces plasticity when it is mixed and kneaded with an appropriate amount of water, that 
exhibits hardness when it is dried, and that sinters when it is baked at high temperatures. In 
addition, clay minerals refer to the water-containing silicates that constitute the chief component 
of clay. One may employ either clay or clay-minerals for the preparation of the above-mentioned 
olefin polymerization catalyst component, and these may either be naturally produced items or 
artificially synthesized items. 

In addition, an ion exchange lamellar compound refers to a compound that adopts a 
crystal structure that accumulates in parallel, with a bonding force whereby the surfaces that are 
comprised by the ion bonds, etc., are weak towards one another, and the ions that are contained 
in this can be exchanged. There are also items that are ion exchange lamellar compounds among 
clay-minerals. 

To provide concrete examples for these, one can cite for example the philosilicate 
minerals as clay-minerals. There are such things as philosilicate and philosiliate as philosilicate 
minerals. One can cite as examples of the philosiliates such natural products as montmorillonite, 
saponite and hectorite, which belong to the smectite group, illite and sericite, which belong to the 
mica group, and the lamellar minerals that involve a mixture of the smectite group and the mica 
group, or the mica group and the vermiculite group. In addition, one can also cite as synthetic 
products such things as silicon (IV) fluoride mica, laponite, smecton, etc. In addition, one can 



also employ ion exchange lamellar compounds that possess a lamellar crystal structure but which 
are not clay-minerals, such as a-Zr (HP0 4 ) 2 , Y~ Zr (HP0 4 ) 2 , oc-Ti (HP0 4 )2 and y-Ti (HP0 4 ) 2 . 

In addition, there are the following as clay and clay-minerals that do not belong to ion 
exchange lamellar compounds: the clay called bentonite, whose montmorillonite content is low; 
kibusi clay and gairome clay, in which a large amount of components other than montmorillonite 
are contained; sepiolite and palygorskite, which exhibit a fibrous form; and in addition allophane 
and imogolite, which are either non-crystalline or low crystalline substances. Among these (B-4) 
components, clay or clay-minerals are preferable, and concretely the philosilicates are preferable, 
smectite is further preferable, and montmorillonite is particularly preferable. 

As the (B-4) component, it is preferable that the mean particle diameter by volume of the 
clay , clay-min eral and ion exchange lamellar compound be 10 \xm and under, and still more 
preferable that it be 3 jim and under. In addition, in general the particle shape of the particles 
possesses a particle size distribution, but in the case of the (B-4) component it is preferable that it 
possess a particle size distribution whereby the mean particle diameter by volume of the clay, 
clay-mineral and ion exchange lamellar compound is 10 nm and under, and the proportion 
containing a mean particle diameter by volume of 3.0 |im be 10% by weight or more, and still 
more preferable that it possess a particle size distribution whereby the mean particle diameter by 
volume of the clay, clay-mineral and ion exchange lamellar compound is 10 jam and under, and 
the proportion containing a mean particle diameter by volume of 1.5 \im be 10% by weight or 
more. As for the method for measuring the mean particle diameter by volume and the 
proportions contained thereof, one can cite the measurement method that employs a device (the 
CIS-1, made by GALAI Production, Ltd.) to measure particle size with the light permeability by 
a laser light. 

Moreover, it is desirable that chemical processing be applied in order to make the (B-4) 
component into a form that is more preferable as a catalyst component, by eliminating the 
impurities in the clay, clay-mineral and ion exchange lamellar compound, and in addition 
supplying changes to the structure and function of these. 

For example, it is possible to do the processing with an organic silane compound. One 
can cite as an example of an organic silane compound the organic silane compound expressed by 
the following general formula (14). 

/Formula/ (14) 

(In the formula, R 37 is a substituted group, wherein the atom at the locus that bonds directly with 
a silicon atom is a carbon atom, a silicon atom or a hydrogen atom. X 3 a substituted group, 
wherein the atom at the locus that bonds directly with a silicon atom is a halogen atom, an 
oxygen atom or a nitrogen atom. When several R 37 and X 3 are present, the several R 37 and X 3 
may be the same or different, n is an integer between 1 and 3.) 

In addition, the above-mentioned organic silane compound may have the form of the bis 
silyl body expressed by the following general formula (15), or the form of a polynuclear 
polysiloxane or polysilazane. 

/Formula/ (15) 

(In the formula, X 3 a substituted group, wherein the atom at the locus that bonds directly with a 
silicon atom is a halogen atom, an oxygen atom or a nitrogen atom. When several X 3 are present, 



the several R 37 and X 3 may be the same or different, m stands for 1 to 10, and n stands for 1 to 
3.) 

One can cite the following as examples of the concrete compounds for the organic silane 
compound expressed by the above-mentioned general formulas: trialkyl silyl chlorides, such as 
trimethyl silyl chloride, triethyl silyl chloride, triisopropyl silyl chloride, t-butyl dimethyl silyl 
chloride, t-butyl diphenyl silyl chloride and phenethyl dimethyl silyl chloride; dialkyl silyl 
dichlorides such as dimethyl silyl dichloride, diethyl silyl dichloride, diisopropyl silyl dichloride, 
di-n-hexyl silyl dichloride, dicyclohexyl silyl dichloride, docosyl methyl silyl dichloride, 
bis(phenethyl) silyl dichloride, methyl phenethyl silyl dichloride, diphenyl silyl dichloride, 
dimesityl silyl dichloride and ditoryl silyl dichloride; diallele silyl dichlorides; and alkyl allele 
silyl dichlorides. 

In addition, one can also cite the silyl halides, where the chloride portion in the above- 
mentioned chemicals has been substituted by another halogen element; the disilazanes, such as 
bis(trimethyl silyl) amide, bis(triethyl silyl) amide, bis(triisopropyl silyl) amide, bis(dimethyl 
ethyl silyl) amide, bis(diethyl methyl silyl) amide, bis(dimethyl phenyl silyl) amide, bis(dimethyl 
tolyl silyl) amide and bis(dimethyl menthyl silyl) amide; the trialkyl silyl hydroxides, such as 
trimethyl silyl hydroxide, triethyl silyl hydroxide, triisopropyl silyl hydroxide, tert-butyl 
dimethyl silyl hydroxide and phenethyl dimethyl silyl hydroxide; the polysilanols, which have 
been called the commonly used name of bar-alkyl polysiloxypolyol; the bis silyls, such as 
bis(methyl dichlorosilyl) methane, 1, 2- bis(methyl dichlorosilyl) ethane, bis(methyl 
dichlorosilyl) octane and bis(triethoxysilyl) ethane; and the silanes that possess a hydride, such 
as dimethyl chlorosilane, (N, N-dimethyl amino) dimethyl silane and diisobutyl chlorosilane. 

Among these organic silane compounds, those that possess at least one alkyl group that 
bonds directly with a silicon atom are preferable, and alkyl silyl halides, and particularly dialkyl 
silyl halides, are used optimally. Then, it is most efficient to carry out the processing with these 
organic silyl halides in the presence of water. In that case, the water will collapse the crystal 
structure (in particular, the lamellar structure) of the clays, and acts such as to increase the 
efficiency of contact between the organic silane compounds and the clays. In other words, this 
water causes the space between the layers of the crystals of the clays to expand, and promotes the 
diffusion of organic silane compounds into the crystals inside the lamella. To provide a concrete 
account of this, in order to prepare an organic silane compound processing (B-4) component by 
contact processing with the (B-4) component with these organic silane compounds, first of all, 
water is added to the (B-4) component, and a colloid aqueous solution of the (B-4) component is 
prepared. Next, the above-mentioned organic silane compound is added to the colloid aqueous 
solution of the (B-4) component prepared in this way, and then the mixture is heated and stirred, 
and by so doing the processing of the (B-4) component by the [organic] silane component is 
performed. As for the temperature while this processing is carried out, it is possible to perform it 
at a temperature between normal temperature and 200 °C, but it is preferable that the processing 
be done at a temperature in the vicinity of 100 °C, at which the conditions for this preparation are 
easy. The processing times are not uniform since they depend on the type of (B-4) component 
used and the processing temperature, but a processing time of 0.5 to 24 hours is acceptable. 

Then, the usage proportion of the organic silahe compound that is used in the contact 
processing of this (B-4) component is 0.001 to 1,000, and preferably 0.01 to 100, in the number 
of moles of silicon atoms of the organic silane compound, per 1 kg by weight of the (B-4) 
component. 



One may use only one kind of the above (B-4) components, or one may use a 
combination of two or more of them. 

As far as the usage proportions between the (A) catalyst component and the (B) catalyst 
component in the catalysts used for polymerization for this invention are concerned, in the event 
that a (B-l) compound is employed as the (B) catalyst component, it is preferable that this be 
between 1:1 and 1: 1,000,000 by mole ratio, and more preferably between 1: 10 and 1: 10,000; 
in the event that a (B-2) compound is employed, it is preferable that this be between 10: 1 and 1 : 
100, and more preferably between 2: 1 and 1:10. Moreover, in the event that a (B-3) compound 
is employed, it is preferable that this be between 10:1 and 1: 200 by mole ratio, and more 
preferably between 5: 1 and 1: 100. Furthermore, in the event that a (B-4) compound is 
employed, ordinarily the (A) component is between 0.01 and 100 millimoles, and preferably 
between 0.1 and 1 millimoles, relative to the unit weight (g) of the (B-4) component. In addition, 
in the event that a (B-4) component is employed, it is preferable that it be used after pre- 
processing has been performed with a (C) organic metal compound, among which an 
organoaluminum compound, to be described below. Ordinarily a range where the (C) component 
is between 0.1 and 1,000 millimoles, and preferably between 1 and 100 millimoles, relative to 
the unit weight (g) of the (B-4) component. In the event that it is used to excess, it is possible to 
wash the suspended slurry of the clay, etc., with a solvent, and to eliminate it from the system. 

Then, these (B-l), (B-2), (B-3) and (B-4) compounds may be used by themselves, or one 
may employ a combination of two or more kinds of these. 
(C) Organic Metal Compound 

One may also employ as need dictates (C) an organic metal compound as the olefin 
polymerization catalysts for this invention. 

It is possible to use an organozinc compound or an organomagnesium compound as the 
organic metal compound for the (C) compound, but an inexpensive organoaluminum compound 
that can be acquired easily is preferable. Concretely, one can cite the following: trialkyl 
aluminums such as trimethyl aluminum, triethyl aluminum, tripropyl aluminum, triisobutyl 
aluminum and tri-tert-butyl aluminum; alkyl aluminums that contain a halogen or an alkoxy 
group, such as dimethyl aluminum chloride, diethyl aluminum chloride, dimethyl aluminum 
methoxide and diethyl aluminum ethoxide; and alumoxanes such as methyl alumoxane, ethyl 
alumoxane and isobutyl alumoxane. 

The usage proportion of the (C) catalyst component is between 0.1 and 10,000 by mole 
ratio, and more preferably between 1 and 2,000, and particularly preferably between 10 and 
1,000, relative to the (A) catalyst component. 

It is preferable that the contact processing of the (A) component, (B) component and (C) 
component be performed in an inert gas stream such as argon or nitrogen. In addition, it is 
preferable that it be performed in a hydrocarbon solvent such as pentane, hexane, heptane, 
toluene, xylene, etc. Moreover, it is preferable that it be carried out in a system in which no 
compounds that possess water or active hydrogen, such as a hydroxyl group or an amino group, 
are present. For this reason, it is best that the compounds that possess water or active hydrogen 
be eliminated from the system beforehand with the (C) component. In other words, it is best to 
use the item obtained by bringing (A), (B) and (C) into contact as the catalyst. One need not 
necessarily use this (C) component when preparing the catalyst, and one may use it inside the 
reaction system at the time of the polymerization of olefin. A temperature range between 
ordinary temperature and the melting point of the catalyst is acceptable for the temperature of 
contact. 



3. Polymerization Method for Olefin 

The polymerization method for olefin for this invention is a method whereby olefin is 
polymerized, in the presence of the above-mentioned (C) component based on need, with the 
above-mentioned catalysts. One can cite as examples of olefins such a-olefins as ethylene, 
propylene, butene-1 and octene-1. Preferably, it is a method whereby ethylene is polymerized. 
There are no particular restrictions as concerns the method whereby this polymerization is 
carried out, and it is possible to adopt any method that one wishes, beginning with the solution 
reaction method that employs a solution, and including the liquid-phase solventless reaction 
method, the gas-phase reaction method, etc., which essentially do not employ a solvent; in 
addition either continuous reaction or batch process reaction is acceptable. In the event that a 
solvent is used, one can cite as examples of that solvent such hydrocarbon solvents as pentane, 
hexane, heptane, cyclohexane, benzene and toluene, and one may use one of these solvents alone 
or mix together and use two or more kinds of them. As for the amount of catalyst to be used, in 
the event that a solvent is used, it is advantageous from the standpoint of the reaction activity that 
it be performed in a range where the (A) component is ordinarily between 0.1 and 100 
micromoles, and preferably between 1 and 20 micromoles, per 1 liter of solvent. There are no 
particular restrictions as far as the reaction conditions are concerned, but the reaction temperature 
is ordinarily in a range between -78 and 200 °C, and preferably between ordinary temperature 
and 150 °C. As far as the olefin pressure of the reaction system is concerned, this is in range 
between ordinary pressure and 15 MPa, and preferably in a range between ordinary pressure and 
8 Mpa, and more preferably in a range between ordinary pressure and 5 MPa. In addition, the 
molecular weight at the time of reaction can be performed by the well known means, for 
example, by selection of the temperature and pressure. Based on this invention, it is possible to 
manufacture polyolefin whose molecular weight does not exceed 10,000,. and straight chain a- 
olefin (also called an oligomer) whose molecular weight is 10,000 or less and that possesses a 
vinyl group n the terminal. The polyolefin and oligomer obtained are respectively used for 
various kinds of molded bodies and synthetic lubricating oil or detergent ingredients, etc. 

Next, a concrete explanation of this invention by working examples will be provided, but 
this invention is in no way limited by these examples. 

First of all, an account of the method for analyzing the products obtained by the 
polymerization of ethylene. The solids were filtered and separated, and then dried for 12 hours at 
120 °C, and the mass was measured. The composition analysis and purity analysis shown below 
were performed by gas chromatography for those products that are soluble in gas or a solvent at 
ordinary temperature. 

(1) Composition analysis 

Measurements were made with an FID detector with a GC-14A type gas chromatograph 
made by Shimazu. A TC-1 made by GL Science (length: 15 m; inner diameter: 0.53 mm; 
membrane thickness: 1.5 jam) was used for the column. The temperature program was as 
follows. After maintaining the temperature at 40 °C for 5 minutes, the temperature was raised 10 
:°C/minute to 320 °C, and kept there for 10 minutes. Injection and the detector were both 
performed at 320 °C /sic/. In addition, the undecane was measured as the internal standard. 

(2) Purity analysis 

Measurements were made with an FID detector with a GC-14A type gas chromatograph 
made by Shimazu. An Ultra-2 made by Hewlett Packard (length: 25 m; inner diameter: 0.20 mm; 
membrane thickness: 0.33 jam) was used for the column. Helium was used for the carrier gas, 
and nitrogen was used for the make-up gas. The temperature program was as follows. The 



temperature was raised 1.5 °C/minute from 90 °C to 200 °C, and then immediately raised by 8 
°C/minute to 270 °C. After that, it was kept there for 70 minutes. Injection and the detector were 
both performed at 270 °C /sic/. 

Here, if we indicate the fraction of the carbon number x by Cx, the purity of Cx indicates 
the proportion (percentage, %) of normal- 1 -olefin that is included in the carbon number x 
fraction. 

[Working Example 1] Synthesis of Compound 3 
(1) Ligand Synthesis 

100 ml ethanol, 1.63 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 10 mmol], 4.84 
g 2, 4-dimethyl aniline [molecular weight: 121.18; 40 mmol], and 680 mg 2, 5-dimethl-l, 4- 
phenylene diamine [molecular weight: 136.20; 5 mmol] were placed in a 300 ml flask, and then 
fully stirred until the mixture became uniform. 0.6 ml formic acid was added to this, stirring was 
performed for 12 hours and a reaction was carried out. The light yellow crystal obtained was 
filtered, washed with methanol and dried under reduced pressure. When the ^-NMR of this 
crystal was measured, the following target product [molecular weight: 632.85; 1.46 g; 2.3 mmol; 
yield: 46%] was obtained. 

^-NMR [90 MHz; solvent: CDC1 3 ; tetramethyl silane standard (80.00)]: 

/formula/ 

Next, under a nitrogen gas flow, a tetrahydrofuran solution (20 ml) of the above- 
mentioned ligand obtained here [molecular weight: 632.85; 633 mg; 1.0 mmol] and a 
tetrahydrofuran solution (20 ml) of ferrous chloride (II) - 4 hydrate [formula weight: 198.81; 437 
mg; 2.2 mmol] were mixed in a 100 ml shrink tube, and a reaction was induced for 12 hours. The 
blue-purple solid obtained was filtered, washed with tetrahydrofuran and dried under reduced 
pressure, and the above-mentioned complex (compound 3) was obtained [molecular weight: 
886.35; 885 mg; 1.0 mmol; yield: 100%]. 

/formula/ 

(Compound 3) 

[Working Example 2] Polymerization of Ethylene 

250 mL toluene and 0.5 mL toluene solution of polyinethyl aluminoxane (made by Toso 
Akuzo; concentration: 1 mmol/mL) were added to an autoclave with an internal volume of 1 L, 
and next 0.25 mL of a 1 jimbl/mL toluene suspension of compound 3, which was obtained in 
Working Example 1, was added. Moreover, 10 g n-decane as an internal standard was added, and 
the temperature was raised to 50 °C. After the temperature was raised, a reaction was carried out 
at a temperature of 50 °C for 30 minutes while supplying ethylene continuously such that a 
pressure of 1.0 MPa is maintained. After that, 1 mol/L of a sodium hydroxide aqueous solution 
was added, and the reaction was stopped. 

After the reaction, the pressure was removed from the autoclave, and the full capacity of 
the gas component was measured with a wet flowmeter, after which a component analysis was 
performed by gas chromatography, and quantification was done. Quantification was done of the 
a-olefin in the solution by gas chromatography with n-undecane as the internal standard. In 
addition, the solids were filtered and separated, and then dried for 12 hours at 120 °C, and 



quantification was done. The results thereof were that the total weight of the products was 138 g. 
The oligomer activity per iron metal was 9,870 kg/g-Fe*h. The results of the composition 
distribution and purity of the products obtained by the analytical methods described above are 
shown in Table 1 and Table 2, respectively. Cx in the table indicates the fractions of the carbon 
number x, respectively. C'20 indicates the fraction of a carbon number of 20 and above. The 
heavy portion stands for the solid polymers obtained by polymerization. 

/formula/ 

(Compound 27) 



[Working Example 3] Synthesis of Compound 27 

(1) Ligand Synthesis 

100 mL methanol, 19.6 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 120 mmol] 
and 55.9 g aniline [molecular weight: 93.13; 600 mmol] were placed in a 300 mL flask, and 
stirred fully until the mixture became uniform. 0.6 mL formic acid was added to this, stirring was 
performed for 12 hours at room temperature, and a reaction was carried out. The yellow crystal 
obtained was filtered, washed with methanol and dried under reduced pressure, and 34.5 g 2, 6- 
diacetyl pyridine - diphenylimine [molecular weight: 313.40; 110 mmol; yield: 91%] was 
obtained. 

100 mL tetrahydrofiiran, 6.3 g 2, 6-diacetyl pyridine - diphenylimine [20 mmol] and 0.82 
g 2, 3, 5, 6-tetramethyl 1, 4-phenylene diamine [molecular weight: 164.25; 5 mmol] were placed 
in a 300 mL flask, and stirred fully until the mixture became uniform. 0.6 mL formic acid was 
added to this, stirring was performed for 12 hours at room temperature, and a reaction was 
carried out. The yellow crystal obtained was filtered, washed with THF and dried under reduced 
pressure. When the NMR of this crystal was measured, it was the ligand that was the target 
[molecular weight: 604.79; L58 g; 2.6 mmol; yield: 52%]. 

^-NMR [270 MHz; solvent: CDCI3; chloroform standard (57.24)]: 52.01 (12H, s), 52.27 
(6H, s), 52.43 (6H, s), 66.86 (4H, d), 57.13 (2H, dd), 57.36-7.42 (4H, dd), 57.91 (2H, dd), 68.37 
(2H, d), 68.50 (2H, d) 

(2) Complex Synthesis 

Next, under a nitrogen gas flow, the ligand obtained here [molecular weight: 604.79; 605 
ing; 1.0 mmol], 10 ml n-butanol and ferrous chloride (H) - 4 hydrate [formula weight: 198.81; 
437 ing; 2.2 mmol] were mixed in a 100 ml shrink tube, and a reaction was induced for 30 
minutes at 80 °C. The solid obtained was filtered, washed with hexane and dried under reduced 
pressure, and the above-mentioned complex was (compound 27) [molecular weight: 858.30; 781 
mg; 0.91 mmol; yield: 91%]. 

/formula/ 

(Compound 28) 

[Working Example 4] Synthesis of Compound 28 
(1) Ligand Synthesis 



100 mL methanol, 9.8 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 60 mmol] and 
32.1 g 4-methyl aniline [molecular weight: 107.15; 300 mmol] were placed in a 300 mL flask, 
and stirred fully until the mixture became uniform. 0.6 mL formic acid was added to this, stirring 
was performed for 4 hours at room temperature, and a reaction was carried out. The yellow 
crystal obtained was filtered, washed with methanol and dried under reduced pressure, and 18.3 
g 2, 6-diacetyl pyridine (4-methylphenyl) imine [molecular weight: 341.45; 53.6 mmol; yield: 
89%] was obtained. 

75 mL tetrahydrofuran, 30 mL methanol, 15.4 g 2, 6-diacetyl pyridine (4-methylphenyl) 
imine [45 mmol] and 1.85 g 2, 3, 5, 6-tetramethyl 1, 4-phenylene diamine [molecular weight: 
164.25; 11.3 mmol] were placed in a 300 mL flask, and stirred fully until the mixture became 
uniform. 0.6 mL formic acid was added to this, stirring was performed for 12 hours at 0 °C, and 
a reaction was carried out. The yellow crystal obtained was filtered, washed with THF and dried 
under reduced pressure. When the NMR of this crystal was measured, it was the ligand that was 
the target [molecular weight: 632.85; 4.23 g; 6.7 mmol; yield: 59%]. 

l H-NMR [270 MHz; solvent: CDC1 3 ; chloroform standard (57.24)]: 52.00 (12H, s), 52.22 
(6H, s), 52.37 (6H, s), 62.43 (6H, s), 56.77 (4H, d), 57.20 (4H, d), 57.90 (2H, dd), 58.36 (2H, d), 
68.49 (2H, d) 
(2) Complex Synthesis 

Other than the fact that the ligand [molecular weight: 632.85; 1.0 mmol] obtained by the 
above-mentioned method was used, the same operation as in [Working Example 3] (2) was 
performed, and the above-mentioned complex (compound 28) [molecular weight: 886.34; 851 
mg; 0.96 mmol; yield: 96%]. 

/formula/ 

(Compound 29) 

[Working Example 5] Synthesis of Compound 29 
(1) Ligand Synthesis 

40 mL toluene, 60 mL cyclohexane, 7.84 g 2, 6-diacetyl pyridine [molecular weight: 
163.18; 48 mmol] and 30.0 g 3-fluoro 4-methyl aniline [molecular weight: 125.15; 240 mmol] 
were placed in a 300 mL flask, and stirred fully until the mixture became uniform. 0.5 g sulfuric 
acid was added to this, stirring was performed for 4 hours under reflux, and a reaction was 
carried out. After the toluene and cyclohexane were distilled and removed, 20 mL methanol was 
added, whereupon a white crystal was deposited. This crystal was filtered, washed with methanol 
and dried under reduced pressure, and 5.74 g 2, 6-diacetyl pyridine - di(3-fluoro 4-methylphenyl) 
imine [molecular weight: 377.44; 15.2 mmol; yield: 31%] was obtained. 

12 mL tetrahydrofuran, 36 mL methanol, 4.53 g 2, 6-diacetyl pyridine di(3-fluoro 4- 
methylphenyl) imine [12 mmol] and 657 mg 2, 3, 5, 6-tetramethyl 1, 4-phenylene diamine 
[molecular weight: 164.25; 3.0 mmol] were placed in a 100 mL flask, and stirred fully until the 
mixture became uniform. 0.3 mL formic acid was added to this, stirring was performed for 4 
hours at 0 °C, and a reaction was carried out. The yellow crystal obtained was filtered, washed 
with methanol and dried under reduced pressure. When the NMR of this crystal was measured, it 
was the ligand that was the target [molecular weight: 668.83; 1.42 g; 2.,12 mmol; yield: 71%]. 



! H-NMR [270 MHz; solvent: CDC1 3 ; chlorofoim standard (67.24)]: 52.00 (12H, s), 52.25 
(6H, s), 62.29 (6H, s), 52.44 (6H, s), 56.54-6.58 (4H, d), 67.18 (2H, t), 57.91 (2H, dd), 58.34 
(2H, d), 58.50 (2H, d) 
(2) Complex Synthesis 

Other than the fact that the ligand [molecular weight: 668.83; 669 mg; 1.0 mmol] 
obtained by the above-mentioned method was used, the same operation as in [Working Example 
3] (2) was performed, and the above-mentioned complex (compound 29) [molecular weight: 
922.34; 774 mg; 0.84 mmol; yield: 84%]. 

/formula/ 

(Compound 30) 

[Working Example 6] Synthesis of Compound 30 

(1) Ligand Synthesis 

100 mL methanol, 6.53 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 40 mmol] and 
21.4 g 2-methyl aniline [molecular weight: 107.15; 200 mmol] were placed in a 300 mL flask, 
arid stirred fully until the mixture became uniform. 0.6 mL formic acid was added to this, stirring 
was performed for 4 hours at room temperature, and a reaction was carried out. The yellow 
crystal obtained was filtered, washed with methanol and dried under reduced pressure, and 10.3 
g 2, 6-diacetyl pyridine - di(2-methyl aniline) imine [molecular weight: 341.45; 30.3 mmol; 
yield: 76%] was obtained. 

] 10 mL tetrahydrofuran, 20 mL methanol, 5.1 g 2, 6-diacetyl pyridine di(2-methyl aniline) 

imine [15 mmol] and 850 mg 4, 4'-diamino 3, 3'-dimethyl diphenyl methane [molecular weight: 
226.32; 3.75 mmol] were placed in a 100 mL flask, and stirred fully until the mixture became 
uniform. 0.6 mL formic acid was added to this, stirring was performed for 4 hours at 0 °C, and a 
reaction was carried out. The yellow crystal obtained was filtered, washed with methanol and 
dried under reduced pressure. When the NMR of this crystal was measured, it was the ligand that 
was the target [molecular weight: 694.92; 1.25 g; 1.8 mmol; yield: 48%]. 

^-NMR [270 MHz; solvent: CDC1 3 ; chloroform standard (67.24)]: 52.12 (12H), 52.34 
(6H, s), 52.37 (6H, s), 56.64 (2H, d), 56.69 (2H, d), 57.01-7.10 (6H, in), 67.18-7.26 (4H, m), 
57.89 (2H, dd), 58.40 (4H, d) 

(2) Complex Synthesis 

Other than the fact that the ligand [molecular weight: 694.92; 695 mg; 1.0 mmol] 
obtained by the above-mentioned method was used, the same operation as in [Working Example 
3] (2) was performed, and the above-mentioned complex (compound 30) [molecular weight: 
948.43; 871 mg; 0.92 mmol; yield: 92%]. 

/formula/ 

(Compound 31) 

[Working Example 7] Synthesis of Compound 31 
(1) Ligand Synthesis 

100 mL methanol, 19.6 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 120 mmol] 
and 55.9 g aniline [molecular weight: 93.13; 600 mmol] were placed in a 300 mL flask, and 



stirred folly until the mixture became uniform. 0.6 mL formic acid was added to this, stirring was 
performed for 12 hours at room temperature, and a reaction was carried out. The yellow crystal 
obtained was filtered, washed with methanol and dried under reduced pressure, and 34.5 g 2, 6- 
diacetyl pyridine - diphenylimine [molecular weight: 313.40; 110 mmol; yield: 91%] was 
obtained. Next, 35 mL tetrahydrofiiran, 1.57 g of the 2, 6-diacetyl pyridine - diphenylamine that 
was manufactured [5 mmol] and 170 mg 2, 5-dimethyl 1, 4-phenylene diamine [molecular 
weight: 136.20; 1.25 mmol] were placed in a 100 mL flask, and stirred fully until the mixture 
became uniform. 0.3 mL formic acid was added to this, stirring was performed for 7 hours at -20 
°C, and a reaction was carried out. The yellow crystal obtained was filtered, washed with 
methanol and dried under reduced pressure. When the NMR of this crystal was measured, it was 
the ligand that was the target [molecular weight: 576.74; 320 mg; 0.56 mmol; yield: 44%]. 

] H-NMR [270 MHz; solvent: CDC1 3 ; chloroform standard (57.24)]: 52.13 (6H, s), 52.43 
(6H, s), 56.61 (2H, s), 56.87 (4H, d), 67.14 (2H, dd), 57.87-7.93 (2H, dd), 58.34-8.44 (4H, dd) 
(2) Complex Synthesis 

Other than the fact that the ligand [molecular weight: 576.74; 577 mg; 1.0 mmol] 
obtained by the above-mentioned method was used, the same operation as in [Working Example 
3] (2) was performed, and the above-mentioned complex (compound 31) [molecular weight: 
830.25; 792 mg; 0.95 mmol; yield: 95%]. 

[Working Example 8] Polymerization of Ethylene 

The same operation as in Working Example 2 was performed, other than the fact that 2 
mL of a 0.5 jimol/mL toluene suspension solution of compound 27 was used instead of the 2 mL 
of a 0.5 jimol/mL toluene suspension solution of compound 3. 
[Working Example 9] Polymerization of Ethylene 

The same operation as in Working Example 2 was performed, other than the fact that 2 
mL of a 0.5 (jmol/mL toluene suspension solution of compound 28 was used instead of the 2 mL 
of a 0.5 jamol/mL toluene suspension solution of compound 3. 
[Working Example 10] Polymerization of Ethylene 

The same operation as in Working Example 2 was performed, other than the fact that 2 
mL of a 0.5 ^imol/mL toluene suspension solution of compound 29 was used instead of the 2 mL 
of a 0.5 |imol/mL toluene suspension solution of compound 3. 
[Working Example 11] Polymerization of Ethylene 

The same operation as in Working Example 2 was performed, other than the fact that 2 
mL of a 0.5 \xmoVmL toluene suspension solution of compound 30 was used instead of the 2 mL 
of a 0.5 |imol/mL toluene suspension solution of compound 3. 
[Working Example 12] Polymerization of Ethylene 

The same operation as in Working Example 2 was performed, other than the fact that 2 
mL of a 0.5 pxuol/mL toluene suspension solution of compound 31 was used instead of the 2 mL 
of a 0.5 jimol/mL toluene suspension solution of compound 3. 

The results for the a-olefin distribution and the purity in [Working Example 8] to 
[Working Example 12] are shown in Table 1 and Table 2, respectively. 
[Working Example 13] Synthesis of Compound 34 
(1) Ligand Synthesis 

100 mL methanol, 1.63 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 10 mmol], 
4.84 g 2, 4-dimethyl aniline [molecular weight: 121.18; 40 mmol] and 540 mg 1, 4-phenylene 
diamine [molecular weight: 108.14; 5 mmol] were placed in a 300 mL flask, and stirred folly 



until the mixture became uniform. 0.6 mL formic acid was added to this, stirring was performed 
for 12 hours, and a reaction was carried out. The light yellow crystal obtained was filtered, 
washed with methanol and dried under reduced pressure. When the H-NMR of this crystal was 
measured, the following target product [molecular weight: 604.80; 1.78 g; 2.95 mmol; yield: 
59%] was obtained. 

^-NMR [90 MHz; solvent: CDC1 3 ; tetramethyl silane standard (60.00)]: 
/data not provided/ 

/formula/ 
(Benzene ring region 86.5 - 7.2) 

(2) Complex Synthesis 

Next, under a nitrogen gas flow, a tetrahydrofuran solution (20 ml) of the above- 
mentioned ligand obtained here [molecular weight: 604.80; 1.0 mmol] and a tetrahydrofuran 
solution (20 ml) of ferrous chloride (IT) - 4 hydrate [formula weight: 198.81; 437 mg; 2.2 mmol] 
were mixed in a 100 ml shrink tube, and a reaction was induced for 12 hours. The blue-purple 
solid obtained was filtered, washed with tetrahydrofuran and dried under reduced pressure, and 
the above-mentioned complex (compound 34) was obtained [molecular weight: 858.30; 810 mg; 
0.94 mmol; yield: 94%]. 

[Working Example 14] Polymerization of Ethylene 

250 mL toluene and 2.0 mL toluene solution of polymethyl aluminoxane (made by Toso 
Akuzo; concentration: 1 minol/mL) were added to an autoclave with an internal volume of 1 L, 
and next 2.0 mL of a 0.5 |imol/mL toluene suspension of compound 34 obtained as described 
above was added. Moreover, 10 g n-decane as an internal standard was added, and the 
temperature was raised to 50 °C. After the temperature was raised, a reaction was carried out at a 
temperature of 50 °C for 30 minutes while supplying ethylene continuously such that a pressure 
of 1.0 MPa was maintained. After that, 1 mol/L of a sodium hydroxide aqueous solution was 
added, and the reaction was stopped. 

After the reaction, the pressure was removed from the autoclave, and the full capacity of 
the gas component was measured with a wet flowmeter, after which a component analysis was 
performed by gas chromatography, and quantification was done. Quantification was done of the 
ct-dlefin in the solution by gas chromatography with n-undecane as the internal standard. In 
addition, no solids at all were obtained. The results thereof were that the total weight of the 
products was 59 g. The oligomer activity per iron metal was 1,054 kg/g-Fe«h. The results of the 
composition distribution and purity of the products obtained by the analytical methods described 
above are shown in Table 1 and Table 2, respectively. Cx in the table indicates the fractions of 
the carbon number x, respectively. C +20 indicates the fraction of a carbon number of 20 and 
above. The heavy portion stands for the solid polymers obtained by polymerization. 

/formula/ 

(Compound 46) 

[Working Example 15] Synthesis of Compound 46 
(1) Ligand Synthesis 



100 mL methanol, 6.53 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 40 mmol] and 
21.4 g 2-methyl aniline [molecular weight: 107.15; 200 mmol] were placed in a 300 mL flask, 
and stirred fully until the mixture became uniform. 0.6 mL formic acid was added to this, stirring 
was performed for 4 hours at room temperature, and a reaction was carried out. The yellow 
crystal obtained was filtered, washed with methanol and dried under reduced pressure, and 10.3 
g 2, 6-diacetyl pyridine - di(2-methylphenyl) imine [molecular weight: 341.45; 30.3 mmol; 
yield: 76%] was obtained. Next, 10 mL tetrahydrofuran, 20 mL methanol, 5.1 g 2, 6-diacetyl 
pyridine - di(2-methylphenyl) imine [15 mmol] and 1.96 g 2, 7-diaminofluorene [molecular 
weight: 196.25; 10 mmol] were placed in a 100 mL flask, and stirred fully until the mixture 
became uniform. 0.6 mL formic acid was added to this, stirring was performed for 4 hours at 
room temperature, and a reaction was carried out. The yellow crystal obtained was filtered, 
washed with methanol and dried under reduced pressure. When the NMR of this crystal was 
measured, it was the ligand that was the target [molecular weight: 664.84; 2.65 g; 4.0 mmol; 
yield: 53%]. 

! H-NMR [270 MHz; solvent: CDC1 3 ; chloroform standard (57.24)]: 82.14 (6H, s), 52.35- 
2.48 (12H), 53.97 (2H, s), 56.71 (2H, d), 56.89 (2H, d), 57.02-7.04 (4H, m), 57.19-7.26 (4H, m), 
57.77 (2H, dd), 57.91 (2H, dd), 58.40 (4H, dd) 
(2) Complex Synthesis 

Next, under a nitrogen gas flow, the ligand obtained here [molecular weight: 664.84; 665 
mg; 1.0 mmol], 10 mL n-butanol and ferrous chloride (IT) - 4 hydrate [formula weight: 198.81; 
437 mg; 2.2 mmol] were mixed in a 100 ml shrink tube, and a reaction was induced for 30 
minutes at 80 °C. The solid obtained was filtered, washed with hexane and dried under reduced 
pressure, and the above-mentioned complex (compound 46) was obtained [molecular weight: 
918.35; 848 mg; 0.92 mmol; yield: 92%]. 

/formula/ 

(Compound 47) 

[Working Example 16] Synthesis of Compound 47 
(1) Ligand Synthesis 

100 mL methanol, 19.6 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 120 mmol] 
and 55.9 g aniline [molecular weight: 93.13; 600 mmol] were placed in a 300 mL flask, and 
stirred fully until the mixture became uniform. 0.6 mL formic acid was added to this, stirring was 
performed for 12 hours at room temperature, and a reaction was carried out. The yellow crystal 
obtained was filtered, washed with methanol and dried under reduced pressure, and 34.5 g 2, 6- 
diacetyl pyridine - diphenylimine [molecular weight: 313.40; 110 mmol; yield: 91%] was 
obtained. Next, 50 mL tetrahydrofuran, 4.7 g of the 2, 6-diacetyl pyridine - diphenylimine [15 
mmol] that was manufactured and 406 mg 1, 4-phenylene amine [molecular weight: 108.14; 3.75 
mmol] were placed in a 100 mL flask, and stirred fully until the mixture became uniform. 0.3 mL 
formic acid was added to this, stirring was performed for 4 hours at room temperature, and a 
reaction was carried out. The yellow crystal obtained was filtered, washed with tetrahydrofuran 
and dried under reduced pressure. When the NMR of this crystal was measured, it was the ligand 
that was the target [molecular weight: 548.68; 1.75 g; 3.19 mmol; yield: 85%]. 



^-NMR [270 MHz; solvent: CDC1 3 ; chloroform standard (57.24)]: 52.42 (6H, s), 52.49 
(6H, s), 56.86 (4H, d), 66.92 (4H, d), 57.13 (2H, dd), 57.39 (4H, dd), 67.89 (2H, dd), 58.34-8.38 
(4H) 

(2) Complex Synthesis 

Other than the fact that the ligand [molecular weight: 548.68; 549 mg; 1.0 mmol] 
obtained by the above-mentioned method was used, the same operation as in [Working Example 
15] (2) was performed, and the above-mentioned complex (compound 47) [molecular weight: 
802.19; 723 mg; 0.90 mmol; yield: 90%]. 
[Working Example 17] Polymerization of Ethylene 

The same operation as in Working Example 14 was performed, other than the fact that 2 
mL of a 0.5 (imol/mL toluene suspension solution of compound 46 was used instead of the 2 mL 
of a 0.5 (jmol/mL toluene suspension solution of compound 34. 
[Working Example 18] Polymerization of Ethylene 

The same operation as in Working Example 14 was performed, other than the fact that 2 
mL of a 0.5 jimol/mL toluene suspension solution of compound 47 was used instead of the 2 mL 
of a 0.5 jxmol/mL toluene suspension solution of compound 34. 

The results for the a-olefin distribution and the purity in Working Examples 19 and 20 
are shown in Table 1 and Table 2, respectively. 
[Comparative Example 1] 

Synthesis of an Iron Dichloride [(2, 6-diacetyl pyridine - bis(2, 4-dimethyl phenylimine)] 
Complex 

(1) Ligand Synthesis: Synthesis of 2, 6-diacetyl pyridine - bis(2, 4-dimethyl phenylimine 

100 mL methanol, 1.63 g 2, 6-diacetyl pyridine [molecular weight: 163.18; 10 mmol] and 
4.84 g 2, 4-dimethyl aniline [molecular weight: 121.18; 40 mmol] were placed in a 300 mL flask, 
and stirred fully until the mixture became uniform. 0.6 mL formic acid was added to this, stirring 
was performed for 12 hours, and a reaction was carried out. This reaction fluid was left for 1 
hour at -78 °C, and the light yellow crystal obtained was filtered, washed with methanol and 
dried under reduced pressure. When the TJ-NMR of this crystal was measured, it was 2, 6- 
diacetyl pyridine - bis(2, 4-dimethyl phenylimine [molecular weight: 369.52; 1.60 g; 4.33 mmol; 
yield: 43%], which was the target product. 

l H-NMR [90 MHz; solvent: CDC1 3 ; tetramethyl silane standard (60.00)]: 
82.10 . (6H, 2-CH 3 , s), 62.34 (6H, 4 - CH 3 , s), 62.34 (6H, imine-CH 3 , s), 66.5-7.2 (6H, benzene 
ring), 67.87 (1H, pyridine ring p position, dd), 68.40 (2H, pyridine ring m position, d) 

(2) Complex Synthesis 

Next, under a nitrogen gas flow, 40 mL of a tetrahydrofuran solution of the 2, 6-diacetyl 
pyridine - bis(2, 4-dimethyl phenylimine obtained as described above [molecular weight: 
369.52; 1.0 g; 2.71 mmol] and 40 mL of a tetrahydrofuran solution of ferrous chloride (IT) - 4 
hydrate [formula weight: 198.81; 497 mg; 2.5 mmol] were mixed in a 100 ml shrink tube, and a 
reaction was induced for 12 hours. The blue-purple solid obtained was filtered, washed with 
hexane and dried under reduced pressure, and the following complex was obtained [molecular 
weight: 496.27; 1 .24 g; 2.5 mmol; yield: 100%]. 



/formula/ 



(3) Polymerization of Ethylene 

250 mL toluene and 1.0 mL toluene solution of polymethyl aluminoxane (made by Toso 
Akuzo; concentration: 1 mmol/mL) were added to an autoclave with an internal volume of 1 L, 
and next 1.0 mL of a 0.5 jimol/mL toluene suspension of the above-mentioned complex was 
added. Moreover, 10 g n-decane as an internal standard was added, and the temperature was 
raised to 50 °C. After the temperature was raised, a reaction was carried out at a temperature of 
50 °C for 30 minutes while supplying ethylene continuously such that a pressure of 1.0 MPa was 
maintained. After that, 1 mol/L of a sodium hydroxide aqueous solution was added, and the 
reaction was stopped. 

After the reaction, the pressure was removed from the autoclave, and the full capacity of 
the gas component was measured with a wet flowmeter, after which a component analysis was 
performed by gas chromatography, and quantification was done. Quantification was done of the 
nr -olefin in the solution by gas chromatography with n-undecane as the internal standard. In 
addition, the solids were filtered and separated, and dried for 12 hours at 20 °C, and then 
quantification was done. The results thereof were that the total weight of the products was 72 g. 
The oligomer activity per iron metal was 5,200 kg/g-Fe«h. The results of the composition 
distribution and purity of the products obtained by the analytical methods described above are 
shown in Table 1 and Table 2, respectively. 



Table 1: Composition Distribution of Products 



Working 
Example 


Total 
product 
mass (g) 


Activity 
(kg/g- 
Fe*hr) 


Composition 


(Mass percentage: %) 


c 4 


Q 


Q 


Cio 


c 12 


C14 


C, 6 


C 18 


C20 


Heavy portion 


2 


138 


9870 


11.6 


11.6 


10.5 


8.3 


6.7 


5.4 


4.4 


3.7 


17.7 


20.2 


8 


124 


8849 


13.4 


12.8 


11.2 


8.5 


6.5 


5.0 


4.0 


3.3 


13.1 


22.3 


9 


96 


6893 


9.1 


9.3 


8.7 


7.0 


5.8 


4.8 


3.9 


3.4 


17.9 


30.1 


10 


81 


5791 


8.9 


9.2 


8.5 


7.0 


5.8 


4.8 


3.9 


3.4 


17.5 


31.0 


11 


188 


13454 


17.5 


15.5 


12.5 


8.7 


6.3 


4.5 


3.4 


2.7 


11.3 


17.6 


12 


26 


1884 


35.1 


23.9 


15.8 


7.4 


4.2 


2.5 


1.6 


1.1 


2.8 


5.4 


14 


59 


1054 


31.7 


23.9 


16.3 


9.9 


6.0 


3.6 


2.4 


1.6 


4.5 


0.0 


17 


19 


464 


35.3 


24.8 


16.2 


8.6 


4.9 


2.9 


1.7 


1.2 


2.5 


1.8 


1 18 


20 


1418 


57.3 


25.6 


11.3 


3.3 


1.3 


0.5 


0.2 


0.1 


0.1 


0.3 


*1 


72 


5200 


8.4 


9.2 


9.0 


8.0 


6.9 


6.0 


5.2 


4.5 


20.2 


20.7 



The asterisk indicates the Comparative Example 



Table 2: Product Purity 



Working Example 


Purity (Mass percentage) 


C14 


Ci6 


Cj8 


2 


95.46% 


94.86% 


94.17% 


8 


97.94% 


97.72% 


97.44% 


9 


98.07% 


97.70% 


97.48% 


10 


98.00% 


97.67% 


97.49% 


11 


91.94% 


90.92% 


89.82% 


12 


86.88% 


88.34% 


No data 


14 


84.74% 


83.06% 


82.30% 


17 


82.19% 


83.16% 


85.38% 


18 


63.79% 


67.73% 


75.15% 


*1 


96.55% 


95.62% 


94.95% 



The asterisk indicates the Comparative Example 



Field of Industrial Application 

According to this invention, it is possible to manufacture efficiently a straight chain a-olefin 
(oligomer) with a vinyl group in a terminal and with a molecular weight of 10,000 and under, 
and a polyolefin whose molecular weight exceeds 10,000. 



SCOPE OF PATENT CLAIMS 



1. A transition metal compound of Periodic Table Groups 8-10 that is expressed by the following 
general formula (1). 

/formula/ (1) 

(In the formula, M stands for a transition metal of Periodic Table Groups 8-10, and L and L' 
stand for a hetero-atom-containing hydrocarbon group. X stands for a covalent bonding or ion 
bonding group, and in the event that there are several of these they may either be identical to or 
different from each other. Y stands for a cross-linking group that includes an aromatic group, and 
Z stands for the degree of polymerization, which is an integer of 1 or more. M, L and Y may 
either be identical to or different from one another, n is the valence of M.) 

2. The transition metal compound described in Claim 1 above, wherein "L" is expressed 
by the following general formula (2). 

/formula/ (2) 

(In the formula, R 1 - R 5 stand respectively independently for hydrogen atoms, halogen atoms, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring. R 6 stands for a hydrogen atom, a hydrocarbon group with a carbon number of 1- 
40, halogenized hydrocarbon group with a carbon number of 1-40 or a group containing a hetero- 
atom.) 

3. The transition metal compound described in Claim 1 above, wherein "L" 5 is expressed 
by the following general formula (3). 



/formula/ (3) 

(In the formula, R 7 - R 11 stand respectively independently for hydrogen atoms, halogen atom, 
hydrocarbon groups with a carbon number of 1-20, halogenized hydrocarbon groups with a 
carbon number of 1-20 or groups containing a hetero-atom, and these may bond with one another 
and form a ring.) 

4. A transition metal compound that is expressed by the following general formula (4). 



/formula/ (4) 

(In the formula, V is a cross-linking group that is expressed by the following general formulas 
(5A) and (5B). 

/formula/ (5 A) 



/formula/ (5B) 



M stands for a transition metal of Periodic Table Groups 8-10, and R 1 - R 5 stand respectively 
independently for hydrogen atoms, halogen atoms, hydrocarbon groups with a carbon number of 
1-20, halogenized hydrocarbon groups with a carbon number of 1-20 or groups containing a 
hetero-atom, and these may bond with one another and form a ring. R 6 stands for a hydrogen 
atom, a hydrocarbon group with a carbon number of 1-40, halogenized hydrocarbon group with a 
carbon number of 1-40 or a group containing a hetero-atom. X stands for a covalent bonding or 
ion bonding group, and in the event that there are several of these they may either be identical to 
or different from each other, n is the valence of M. R 12 -R 15 and R 16 -R 23 stand respectively 
independently for hydrogen atoms (excluding R 18 and R 21 ) or hydrocarbon groups with a carbon 
number of 1-20, and these may be either identical to or different from one another. B stands for - 
(R 2Q m - 

- R 24 2 Si - O -, - S -, or - R 24 N - R 24 stands for a hydrogen atom or a hydrocarbon group 
with a carbon number of 1-20. m is an integer between 0 and 4. 

5. The transition metal compound described in 4. above, in which R 12 and R 15 are respectively 
hydrocarbon groups with a carbon number of 1-20, and R 13 and R 14 are respectively hydrogen 
atoms. 

6. The transition metal compound described in Claim 4 above, where R 6 is the group expressed 
by the following formula. 

/formula/ 

(In the formula, R 26 -R 29 stand respectively independently for hydrogen atoms, and R 25 stands for 
a methyl group, an ethyl group or a hydrogen atom.) 

7. The transition metal compound described in any one of Claims 1 to 4 above, where the 
transition metal M is iron or cobalt. 

8. The olefin polymerization catalyst composed of the following (A) and (B). 

(A) A transition metal compound that contains a transition metal of Periodic table Groups 8-10, 
two or more groups containing a hetero-atom-containing hydrocarbon, and a cross-linking group 

(B) At least one kind of compound selected from a compound group composed of an 
organoaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-mineral, and ion-exchange lamellar compound (B-4) 

9. The olefin polymerization catalyst composed of the following (A), (B) and (C). 

(A) A transition metal compound that contains a transition metal of Periodic Table Groups 8-10, 
two or more groups containing a hetero-atom-containing hydrocarbon, and a cross-linking group. 

(B) At least one kind of compound selected from a compound group composed of an 
organoaluminum compound (B-l), an ionic compound that can react with the above-mentioned 
transition metal compound and be converted into a cationic transition metal compound (B-2), 
and Lewis acid (B-3), as well as clay, clay-'mineral, and ion-exchange lamellar compound (B-4). 

(C) An organic metal compound 

10. The olefin polymerization compound described in Claims 8 or 9 above, where the (A) 
component is the transition metal compound described in Claims 1 to 7 above. 

11. The olefin polymerization compound described in Claims 8 or 9 above, where the (B) 
component is either alkyl aluminoxane, a boron compound or phyllosilicic acid. 

12. A polymerization method for olefin that polymerizes olefin in the presence of the olefin 
polymerization catalyst described in Claims 8 or 9 above. 
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( CL l -R 32 ) h+ ) . ( CZ) -) „ • • • (1 2) 
( CL 2 ) h+ ) . ( CZ] -) b ... (1 3) 
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7 A, x N^^^^/VlB^^^n-ir-^A, 7" h 7 7 ^ ^/Hi^gS, 

x h ^ 7 /^sa^ h y rf77i ^;Hif h 7 7 ^ - 

^7^!)yvy^y, f h7^f^ (^y^7^tP7x=^) 51^7 

Xb^^r^ (^y^7^tP7i^^) $Bg£ (l, 1 
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1-5/55, (B-4) &frkVX\t. 3j$±, tt±ttftR^^^EJfe14Jl 
£*3. 0 nm\ZT(D<S^-m&fr i o fift%«-fc-c*> 
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SIEtii'?^!!:, Tia-fiS^ (15) 
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0 % n « 1 ~ 3 ^r^-To 3 

y ^ y n t^/u i/^^n!) K „ t - ^ ^ A' / ^ fl* *s V A* ? n y h\ 
t UHo!) K> 7 *L*1-A'*S*^-fl'*s V A* if 

v y K«PO h y TATA'S/ DHnU K9U v 5 ^ y /Vv^ n D 

K > ^xf;w>!J/i'i;^n!J K„ ^y/n^i/!);^^ !) K\ 
iP- n -^=* *sfi,*y\) A,*sff n y h\ S/A'S' U A'i?* n 

y k\ K 3 ^A-> 'J A'i?^ n y K„ tf* (-7x^f /w) '✓DA' 
h\ ^^7xi|iWy^^ p y h\ * sA'S' U A/ 
n y h\ y A^* o!)K, h V A**/ V fr 9 S9 » U 
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K, t*7i (^pt^i^/i'^y /V) 7 5 K, A? *s 

]) JV) 7 5 h\ if* (i?^f^7i-;Vi/!J^) 7 5 h\ t** (^t 1 
^/v h y /V^y 7 5 h\ (i^^f^^^f A'V!)/!') 75 K 

/l/t Ko^r^K, hy^V7o fcVU !)/Vt Fn^f->F> t e r t - 
^--yVflDtRffliS^^btbS^y V?/— ( 

^fA'^^oo^y^) i, (/f^np^U 

h^^^y/v) ^mv> *s y /^m. wf^f* ( 

N, N-^^^7 5/ ) ^^WBB*/? 
*r/wS£4>&< irfc-fiW-fS L< » 7^*/!) A"^7 
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ti^7y^«5«il (B-4) fifc#«rlIIW-*fctt, *t\ (B- 

4) ^^^7K{cip^T. (B-4) j&#<z>=ip^ KTki&SfSrPKi-So 
o?!!, J; 5 fcLTPSf bfc (B-4) 0©^^ KtR^I-, 

±IBW«^7V{b^j»*jSJnb» flu 5 £ t 9 , (b-4 
sria-2 o oxxz&^xft? r. fcas-e*5#, ^©Pll^****^ 1 

LT 1 0 0'Ci£«OfiS"Tf*Q ! ai"SO3& s »* tv> 0 tut, 

jn^m, ®.mirz> (b-4) j$£0ttft**tMA&J: u-#-e« 

fc^J&S, 0. 5 - 2 4 NFW ti^tf «tV>„ 

^tt, (b-4) ric^©Sf«*aai-ffi^5*«^7vfk^«i 
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g) (a) /&#o . oi-ioo^y ^/u, 0* b< no . i 
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&mm (g) i-*f u (o j£#o . 1-1000?!) u< 

^L-C, r*T,*> (B-l) > (B-2) , (B-3) , (B-4) 

( c) #J%&JUbi^ 

(c) ffc^wm^jste^^ itii, ^•mM^'fb^^w^^^^ 
i/V J»<k&Vot®.mx~% ^tifi-eA^fS&^r/i'? = ? Aft; 

? A, hU-tert -/f/V7^5 = ^^f ^ b U 

a, ^f;v7/U^fy, ^/i^r/i'** yyf^7/^* 
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y y^^** 1 0,0 0 0KTt*Si-t^MI:ft?i 

-as^So 6i§#Hfu i 20^*1 2s#f B mitit^i 

(1) a^^«f 

IftliGC - 1 4Al^f^^ n7h/77|It > FI D&m££&ffl 
V^j3£Lfc 0 #7 -Mi, 5;-i^J^|£fTC-l (ft$15 
m, rt^O. 53mm, 1? 1 . 5 p m) &JBV^fc. *tU7-^ 
teHefc/BVNfco i&^n^-Mi&OS^o 4 0t\ 5##8r£* 
10t/^f3 2 0t^f#i£L, 1 O^SfifLfco >f^i;*^5/a 

(2) &&##f 
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^MfeLtCo *7AI4, t V*tr%— KttMU 1 t r a - 2 

(i^25m, rtiO. 20mm, All? 0 . 3 3 p m) £/^fc 0 * 

^7i.tt^05aDo 9 5t/K*2 0 Ot*Tf#lt, 

"To 

cn^w i ] fc^i* 3 

(1) . 
3 0 0 ml77^^|:t, ^;-^100ral, 2, 6-$>T 
tf/Ut° y v?^ 1 . 6 3 g 16 3. 18, 10 mm o 1 ] » 

2, 4 V-fisT— y ^4 . 84 g [^112 1. 18, 4 0m 

mo 1 ] , *5<fctf2, 5-^^^/V-l, 4-7x = ^?7^6 
8 0 m g C^-^-fi 1 36. 20, 5mmol] SrAtb, — 5 * 
+ So r^(^#^0 . 6ml SrJl!*. 1 2 B#Fb1^# L, £f£ 

[^i6 32. 85, 1. 46g, 2. 3mmol,fi$4 6 

'H-NMR [90MHz, ^ItCDCl,, 7" h7^W7^ 
i| (6 0. 0 0)] : 
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57.89 



85, 6 3 3 mg, 1. Ommol]^xh7t Kn77^« (2 
Oml) , 33 J:TJ t i&'ffcSP5 — W*. (II) • 4 tK?P^ [Si : 1 9 8 . 8 
1, 4 3 7mg, 2. 2mmo 1 ] Cfh7 t Kn (2 0 

ml) 1:1 0 0ml v'auy^ftl^jgf, 1 2Nf^Sft^*fco 

J:IE»flE (fl^* 3 ) [#^S 8 86. 35, 8 8 5 m g , 1 . 

0 mm o 1 % I&ts£ 10 0%] 0 




(ffrfr*3) 
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rt^^ 1 L<D* — h ? — -7\Z. y 2 5 0 m L , /f!) ^ f-/V7 

As% / h/l^V^iS (My - ' T? ^/*±§!L 1 mm o 1 

/mL) 0. 5mL«l, & V^liiSm T^cte^ 3 <7) 1 /* 
mo 1/mL h/U^^Si^^O . 2 5 m L SrAP* fc c ftg&^*P 

1 20fCl 2NFr H m^L^ft bfco z<d&%. 1 3 

8 g ffcofCo ^4k«^fc 9©ty ^-r-fSttf*. 9870kg/g 

-f e • hffcofc 0 5te{cai-<fe^*f^fc{-«t 9#e>ttfc^^*oa 
$#^33 £tm& ^t^n^i, ^2^7jt-r 0 is* 
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( i ) mtL={-<D&& 

300mL 77^3cf|:t, lOOmL, 2, 6-$7Xir^ 

A-fc° y 19.6g[#*-* 163. 18, 120mmol] R XfiT =• U f 55. 9g [# 

-?ft 93.13, 600mmol]£An, *&- KL ft 5 * + 5 . -ft 

{d^i? 0.6mL ^a(CTl 2f$F B f m#L, Rrt?«rtfofc 8 

#e>tufcHferofefi*5iS. * * / -/fft^K ^ffiffc^L, 2, 6 
- J?7tf^f y 5?y-J?7s=H ^ f 34. 5g [#^1: 313.40, 
llOmmol, HX*9 1 

306mL77^3ffct 4 fh7t Ko77X lOOmL, 2, 6- 
e7T-fe^/H^ y S?y-^7xS/U/f S; y 6.3g [20mmol]&t£ 2 , 3 , 
5, h y * f^l , 4-7x = I/yv?7^ 0.82g 

164.25, 5mmol] £Aft, «S-Klft S *T? + ^8H*i"5» -Hl^t* 
& 0.6mL SrAHx., SfitTl 2Hfia#L, RfcZft^tCo #b 

MRSrSlI^bfci g^t-t-5IE{4^C^ I F* 604.79, 1.58g, 

2.6mmol, 5 2 % ] T* & o „ 
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■H-NMR [270MHz, : CDC 1 3 , 9 ° D 

fp (6 7. 2 4)]: 62. 01 (l 2 H, s), 52. 27 (6 H, 
s), 5 2. 4 3 ( 6 H, s), 6 6. 8 6 ( 4 H, d), 67. 1 
3 (2H, dd), 5 7. 3 6 ~7. 42 (4H, d d ), 57. 9 
1 (2H, dd), 5 8. 3 7 ( 2 H, d), 5 8. 5 0 ( 2 H, d) 
(2) 

&fc£**«ETK:-C»£ rr'm^tvfcffi<£^[^^* 604. 79 % 605mg, 
l.Ommol], n-y*/-/W 10ml St^Iftl-i (H) • 4*»*J[5*; 
& 198.81,437mg,2. 2mmol]£ 100ml i^a WX^f fttS^ SO'Ctd 

ftflfeU Btfial§^ (fb^#)2 7) fc#fc[#** 858.30, 781mg, 
0. 91mmoU Ifc^ 91%] 0 




(-fb#©28) 

( l ) 'E4fc*©£j* 

300mL 77^3 t» fc"C. 0 OmL, 2, 6-i^Tir 

f/VtyiJy 9. 8g[#^A 163.18, 60mmol]X.tf 4 - ^ =• U 
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> 32. lg [^ft 107.15, 300mmol]£A;ft, $ — * 5 £ + 
#1-3, ZhkZgm 0. 6mL tjailT4efMlft, 

V 18. 3g [#^1:341.45, 53.6mmol, HX^ 8 9 %] £#fco 

300mL 77^3^|iiT, f Kn79^ 75mL, * V J ~ 

^30mL, 2, 6 -v'T-fer^/Vfy ^^-^ (4-^^/1-7 ^^/V) 
15.4g [45tnmol].K.U ? 2, 3, 5, 6-ff7^^1. 4- 
37^:= V-i^T 5 1.85g [#^* 164.25, 11.3mmol] £A*K 
i$-£&3£-C + #j£#-f 5o rtitfi 0.6mL SrJP^., 0^(^ 
T4B#KI»#U &Jfo£?Tofc 0 »6>ttifc*fe0^iaSr5ia» TH 

itSfifi^C^l 632.85, 4. 23 g, 6. 7mniol, 4X3*5 9%]T*fo 

1 H — NM R [2 70MHz, :CDC1 3 , 
* ( 8 7. 2 4 )]: 6 2. 0 0 ( 1 2 H, s), 62. 22 (6H, 
s), 6 2. 3 7 ( 6 H, s), 6 2. 4 3 ( 6 H, s), 56. 7 
7 (4H, d), 6 7. 2 0 (4 H, d), 6 7. 9 0 (2 H, dd), 
6 8. 3 6 ( 2 H, d), 6 8. 4 9 (2 H, d) 

(2) mfr&m 

±.tZjjfe\Z. <fc y&thfrftm±*lft*M. 632.85, 633mg, 1. Ommol] 

zm^zztuftte tn&W3) <d (2) kmmn&ft&ft^* m 

US&W- 2.8) &#fc[#^ft886.34, 851m g , 0.96mmol, 

1&m 96% ] 0 
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(ft £$29) 



( i ) miiL+to&tfi 

300mL 7 y * =» ^fCT, h/ny4 0mL, v'^a^^ffy6 Om 
L, 2, 6 --^T-fr^/Wt 0 y ^ 7. 84g[# : ? : 4 163. 18, 48mmol]S. 
^ 3 _ 4 - * f/vr^ y >- 30.0g[#^ J: 125. 15, 240mmol] 

£A;ft, «&-|c*S*-C + 5>*^-r5 0 ~th\Z.ffcm 0.5g &an*.» 

Lfc&, * / — 0 mL£j!JII;t 5 £ 6 fe<7>*tfH £ 5 #f tti 
Lfc„ £©££S:«r5iS, $I±ii£^b, 2, 6- 

■;7tf/nfy^y-v? (3-7/^54-^^71=^) -Y 5 

^5.74g l&J-A 377. 44, 15. 2mmol, l|X$3 l%]Sr#fc 0 

lOOmL 77^31(1 Id t\ X h 7 t Kp'7 7^1 2 mL, * * 
/-^3 6mL, 2, 6-^7tf/H^y^y-v? 
4- f>7i -AO >f 5 ^ 4.53g [12mmol]&tF 2 , 3, 5 , 6- 
fh7 1, 4 - 7i=Uy^7 ^ >-657mg[#^i; 164.25, 
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3.0mmol] £A^> *-fc * 5 * T* + #JS#-f * . ^ftfctfft 0.3 

®f£&&V1t 0 :^I^NMR 
Srg'J^Lfci: n 5. @#j£1-3lEft^[#^S 668.83, 1.42g, 
2. 12mrool, HX^ 7 1 %]T?*>ofc. ' 

'H-NMR [ 2 7 0MHz, «:CDC1 3 , ?pn*/Vi*g 
fp(67. 2 4)]: 6 2. 00 (12H, s), 82. 25 ( 6 H, 
s), 8 2. 2 9 ( 6 H, s), 8 2. 4 4 ( 6 H, s), 86. 5 
4-6. 58 (4H, d), 87. 18 (2H, t), 87. 91 (2 
H, dd), 8 8. 3 4 (2 H, d), 8 8. 5 0 (2 H, d) 
(2) *#6rjft 

±IE^jfe(J:J: y'&biltZ&&*lft*^ 668.83, 669rag, 1. Ommol] 
£fflV^<5 £ tUfttt C*HS«»J3] CO (2) £ PI«0>lfcfe&fTW ft" 
ta$g^ (ft^*2 9) 922.34. 774m g , 0.84mmoK 

J|X^84%]„ 




[$&® 30) 
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[HJS60ij6] <fc£fe 3 0 

(1) m^<e>£j& 

300mL 77^^tt, * ? / 1 0 0 ml, 2, 6 -^T"fc 
fA'^D $>J" 6. 53g[#^S 163.18, 40mmol]&U ? 2 - ^ f^T ~ JJ 
^ 21. 4g 107.15. 200mmol]£Aft, — & 5 £ ~t* + # jf 

W-TZo ~tl\Zgm 0.6mL £JP;l, ^fi^T4^FP B mif 

L, 2, 6 - v^T-fe^/^t 0 U v^-v 5 (2 - ^^7s=/l') >f 5: 
^ 10. 3g [#^1:341.45. 30. 3mmol, & ^ 7 6%]Sr^fc 0 

1 OOmL 77^3if|a, 7*h5KKB7?y lOmL. * 9 J — 
/V 20II1L, 2, 6 -^T-ir^/Wt o y S^-i? (2-^ ^7x = 
/V) 5 ^ 5.1g ClSmmol]Xt^4 , 4'-v ? T5>3, 3 '- 
^i/7i^;l'^ ^ 850mg [^^ii 226.32, 3.75mmol] £rA*l, 
^-|^5*t + ^f#t^o rixt^Sfe 0.6mL SrAP;!. Ot^ 
T4BfP B , |«#L, £J&£r?Tofc 0 &e>*LfcJtfe<0*££«:3iS* * 

5 W^-rSiafi^ [#^4 694.92, 1.25g, 1.8mmol, HX*4 8%] 

"C O /t o 

1 H — N M R [ 2 7 0MHz, ^I:CDC1 3 , 
lp (6 7. 2 4)]: 62. 12 (12H), 5 2. 3 4 ( 6 H, s ), 

6 2. 3 7 ( 6 H, s), 6 6. 6 4 (2H, d ), 6 6. 6 9 (2 
H, d), 67. 01-7. 10 (6H, m), 67. 18-7. 2 
6 (4H, m), 6 7. 8 9 ( 2 H, dd), 6 8. 4 0 (4 H, d) 

(2) 

±!2^jfe^«t «9#e>HfcSBfiC^[^^S 694.92, 695mg, 1. Ommol] 
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H2lt# (ft^3 0) Znitift + m 948.43, 87img,0.92mmoU 
JR* 92%] 0 



( i ) sate^o^ffc 

300mL 7 7* = *l£T, *9 l—fls LOOmL, 2, 
/H^y v*^ 19. 6g[^^Fft 163. 18, 120nmol]2fcVT=i y ^ 55. 9g [# 
fi 93. 13,.600mraol]£A*K *&- ft 5 * 5 „ 

0.6mL £r#[l X. , ifiHtl 2H#!a»#U EJS&fTofco 
»fe*T,fcl*6<&ilSft«:5ii* $BE£i£L> 2, 6 

-^7tf/Vf y i?y-i?7i = W ? ^ 34. 5g 313.40, 
llOmmol, HX^9 l%]£#fc„ &V>"?, 1 0 OmL;^^^, 
Xh7t KB7?y 35mL, / 9 J— As 20m L , KiiLfc2, 6 
- e;rtf /l/tf y S*i'-S?7 3i~/W $ ^ 1.57g [Smmoll&t/ 2 , 




(ft£»31) 
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5 ! f 4 _ = W*JT % V 170mg [^^S 136.20, 

1.25mmol] SrAft, fc-fcfc 5 * + So £*UCt?ife0.3 

mL^^DX., -20 e Ct£T7I$fM#U £J&£fTo7i 0 #b^fc|t 
fetf>*£B£5iB» *J3E8;«|Lfc. ^^ONM 

R&«i£Lfcfc-5* gftt-r c#^» 576.74, 32o mg , 

0.56mmol, 4 4 %] *C & o tc 0 

'H-NMR [ 2 7 0MHz, ^I:CDC1 3 , ^ DP * ;1/A 

S2p(87. 2 4)] : 5 2 . 13 (6H, s), 52. 43 (6H, 
s), 86. 61 (2H, s), 6 6. 8 7 (4 H, d), 67. 14 
(2H, dd), 6 7. 8 7 -7. 93 (2H, dd), 68. 34 

~ 8 . 44 (4H, dd) 

(2) mfc^fc 

±&#mz.£ V nhfhtcmit^-L^^M 576.74, 577mg, 1. Ommol] 

zm^zztsiftte mmmai <d (2) t mm<v&ip*ft <^ afr 

f&mW (U«13 1) £#fc[#^S 830. 25, 792mg, 0.95mraol, 

i&m 95%] o 

[Hlfcfl|8] xfi/yol^ 

-fb^^3<7) 0.5/zmo 1 /mL F/Hyl«2mL©i^!l 
f£, flS'S'ft 27© 0. 5n m o 1 /m L h A' ^ i£ ift 2 m L 

it&y>>3<D 0.5/zmo 1 /m L h/H yiS^i 2 m L©^i5 9 
it&V0 2 8 <D 0. 5xz mo 1 /mL h/HyliM 2mL*^ 

[HiS^li o] if^©I^ 
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ft<£$>3© 0. 5/zmo 1 /mL F^iylltf 2mL(D^0 

imMMi l] if^/ol^ 

3© 0. 5/x m o 1 /m L h A* :t ® » » ft 2raL©i^9 
fl^to 3 0O 0. 5/zmol/mL h/^^^BM^^. 2 m L 

l 2] m^-ix^^M^ 

3 <D 0. 5/i m o I /m L V fr^^UMfeW. 2 m LC^J? 9 
3 lffl 0. 5/x m o 1/mL h /V^ >^®*£ft 2 m L 
lllfe^ £ l^$l© liftoff ofc 0 
[ili8] ~ mifom 12] Z> a-*uy << ^9(M%> J: 

CUSSM i 3 ] fb^#3 3 4 

( i ) mtt^tfi 

3 0 0ml7 7^^l:T, ^/-/HOOml, 2, 
tf/H^y^yi. 6 3 g 63. 18, lOmmol] , 

2, 4 - f;P7 = y > 4 . 84 g [^112 1. 18, 4 0m 
mol] , *5±tfl, 4-7 3 c^U^v ? T^^540mg 1 
08. 14, 5mmol] £A*^ * 5 £ "C + 5 . - 

tblcgmo . 6 m 1 fcfln*. 1 2BSFa&# b, RJSSrtf fcofc. 

4. 80, 1. 78g, 2. 9 5mmo K K$59%]^t^tlfco 

'H-NMR [9 0MHz, ^1 : CDC 1 3 , fh^W 
7 i/g!fl ( 6 0. 0 0 )] : 
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87.88 
(dd) 

(/\'>-tf>8HI« 66.5 -7.2) 



(2) gNfc^fifc 

• ^m^^T^X, £ rX'#btV7i±iai2&^ [^16 0 4. 

80, 6 0 5m g> 1. Ommol] <DTh9t Fti??^®®. (2 
Oml) , *JJ:Of*ft*-« (I I) * 47kfr#J C^ft : 1 9 8 . 8 
1, 4 3 7 mg, 2. 2mmol]OfI«7kKP77^«(2Q 
ml) HOOml i/al/y^ffttlf, 1 2 B£ HI R £ £ It ifc . 

mUttft Ut&Vo 3 4) &#fc 858. 30, 8 1 0 m g . 

0 . 9 4 mm o 1 , I|X^ 9 4%] 0 
CHJg0i|14] ^^Vl/(Dm& 

LOt- hi7 V — ^(d f/l-aii/2 5 OmL, # D ^f^7 
/^iM'fl) (my — r^'/ttK, #g 1 mmo 1 

/mL) 2. OmLfcMU &^T-±lBT-^fc{t1^3 4<Z>0. 5 
/zmo 1 /mL 2 . 0 m L SrAP X. fc 0 Xfc, rt^M^ 

t u»n-7yf*y i o g ^ap^l, 5 o'ct-e^-ti.Lfco 
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Officii, 1054kg/g-Fe-h-efco/c 0 Sfefcifc 




c&ffifti 1 5 ] \t&m 4 6 
(i) mt*v>&& 
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fyl/t ^i?y6. 53g[^^ft 163. 18, 40mmol] R TJ 5 2 - f^T-U 
^21.4g [^-^ ft 107. 15, 200mmol]&A*K Ul & 5 £ "C + #^ 

^tu^iT^ 0.6mL ZMz.. I^i^4HF4»t, 

L, 2, 6 - ^T-fe^A-fy ^X- (2-^f/>7x=A') 
>- 10. 3g [#^fi 341. 45, 30. 3mmol, HX^ 7 6 %]£#fco #^T*, 
1 OOmL 77^3tfjCT, xh7tKn^7V lOmL, * ? J -A* 
20mL, 2, 6 -^T-fe^/l-t o y i^^-^ (2-^^7*^/1') 
W 5 y 5.1g [15mmol]^t>*2, 7-S?T 5 7 7/^1^ 1.96g [# 
196.25, lOmmol] £Aft, & 5 * 5 . - 

tikzgWt 0.6mL SrAP^, Ifitt4^«^U, RJSSrfrofco 

gfSONMR&M^Lfc* ^5, BWfc i" 5 [^^S 664. 84, 

2. 65 g, 4. Ommol, I|X^ 5 3 %] "Cfc o fc 0 

'H-NMR [2 7 0MHi, *i:CDCl„ ^ n P * A 
£9 (67. 2 4)]: 82. 14 (6H, s), 8 2. 35-2. 4 
8 (12H), 6 3. 9 7 ( 2 H, s), 66. 71 ( 2 H, d ), 6 
6. 89 (2H, d), 6 7. 0 2- 7. 0 6 (4 H, m), 67. 
19-7. 26 (4H, m), 5 7. 7 7 ( 2 H, dd), 67. 9 
1 (2H, d d), 8 8. 4 0 (4H, d d) 

(2) 

664.84, 665mg, 1. Ommol], n-^^-zHOmLtJitfift*- 
& (H) • 4 7KfP^[5S* 198.81, 437m g, 2. 2mmol]£ 1 0 0 m L V 

a. vi/? ^rt-cs-tf , 8 o^^r 3 o ftmfcfc ^-frfco #?>nfc@ 
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918.35, 848m g, 0. 92mmol, 92%] 0 




(ft-fr* 47) 

mmm 1 6 ] 4 7 <z>£-j& 

(l) 51&^o<g-J& 

300mL 77*^4M-T, * 9 J — lOOmL, 2, 
/Uf y v 5 ^ 19.6g[#^& 163. 18, 120mmol]St5T ^ U ^ 55. 9g 
^ft 93.13, 600«nmol]£A;ft, 5 * + - ^ 

Klfftt 0.6mL &7JP;t, tfilitl 2B#P B 1t£#U, KJfc&frofco 

-i^Ttf^fy *Jf-*J> 7 5 ^ 34. 5g [^ft 313.40, 

HOmmol, HZ^9 1 %]£#fc 0 &V^, 1 0 0 mL 7 7 * =» * t-"C, 
fh7t Kti77^5 0mL t »3SLfc2, 6-^7tf/V^y^ 
y-i?7i=H 5 V 4.70g [15nunol]&t>* 1 , 4 - 7 * =■ U > *J 
T K V 406mg [#^4 108.14, 3.75mmol] SrAft, — 
-C + #jf#-?-6o £*tlcff& 0.3mL SrJJB*.. ^i&fcf 4 RSFpI^^ 
U RJfcfcfrofc. f§fc*tfc3tfe«>£.ii*r*ifi* 7- h? t KB7? 

ti-aE-fi^C^^i: 548.68, 1. 75g, 3. 19mraol, 8 5 %] 
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'H-NMR [2 7 0MHz, M : CDC 1 3 , * o n^/VAS 

9 ( 5 7. 24)]: 52. 42 (6H, s), 52. 49 (6H, 

s), 5 6. 8 6 ( 4 H, d), 5 6. 9 2 (4 H, d), 57. 1 

3 (2H, dd), 5 7. 3 9 (4 H, d d ), 5 7. 8 9 ( 2 H, 
dd), 58. 3 4 ~ 8 . 38 (4H) 
(2) 

±ffi#Sfcfc: J; Ofc&ftfcffiffi^C^* 548.68, 549mg, 1. Ommol] 

zm^zztsM-t* immmi 5] <d (2) tmm^^^n^. 

iWfB$gft 7) [#^* 802. 19, 723mg, 0. 90mmol, 

JR^ 90%] o 

immmi 7] if^yot^ 

fb-^^ 34® 0. 5/i m o 1 /m L f> fls=- 2mLO^ 
>5 i£ , -ft; -^^3 4 6 <£> 0. 5(imo 1/mL h /U^ V^^i^^ 2 m L 3: 
^<b^*Mi. £ifi« l 4 £|S]«6©»fe«:fTofc„ 
8] 1/ VCOS-^ 
ft^3 40 0. 5/xmo 1 /m L h /l^ :/8§$S^fi£ 2mL©i>t) 
9 M x {b-o-^14 7® 0. 5/i m o 1 /mL h /l-"^ V^iDfiSr^ 2 mL^r 

fgffitf 19, 2 0 fc*5#5 a-^"U7-f yS)t^^^»^ 



iitmm i ] 

[2, e -^r-tr^/nf y S^-l?* (2, 4 -i^ ^ 
(D isfc^-a^ : 2, 6-i^7tf^f y^y-^ (2, 4-^ 
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3 0 0111177^3*1^, ^/-A'lOOml, 2, 

})i?>l . 6 3 g [#^*1 63. 18, 1 0 mm o 1 ] *5 
£Tf2, 4-^^W=!)V4. 84g [^1121. 18, 4 
Ommol] £A*K «S-t4«*-e + »*»t5. r*U^g£0. 
6 m 1 SriP^ 1 2«rffl!M s U KfS&fTfcofc. 7 8 

4^| 5 fl)5 2 ) 6-^7tfyvt'y->°y-^^ (2, 
7i^ty) [^^13 6 9. 5 2, 1. 6 0 g, 4. 3 3 mm 
o 1 , Ifc^4 3%] X'hotc 0 

'H-NMR [90MHz, IIiCDCI,, ¥ h 9 * 
m ( 8 0 . 0 0)] : 

62. 10 (6H, 2-CHj, s), 8 2. 3 4 (6 H, 4-CH„ 
s) , 8 2. 3 4 ( 6 H, ^SV-CH,, s) , 86. 5-7. 2 
(6H, s<VWm) , 8 7. 8 7 ( 1 H, tfy^Stpft. dd) , 
5 8. 4 0 (2 H, fc° !J v'Vgmfi, d ) 

(2) ftfl^j* : C2, (2, 

4-i?^f;i'7i=;i^f ^) ] 

Sfc**«TK:-C\ ±B2T-#e>Hfc2, 6-^r^^^t°y^ 
If* ( 2 , 4 - Wx^H ^ >-) C^-^Sa 6 9. 5 2, 
1. Og, 2. 71mmol]«)fh7tFP77^l(40inl 
) % #X.Tf&fc9S-& (ID ' 4.*flJ* C^ft 198. 81, 49 
7mg, 2. 5mmol]Ofl«n Fo77^« (40ml) Sr 
10 0ml*/a W't'lCTiHf, 1 2R#P B 1£/S£*fco #bftfc 
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fcZmtc [#^*4 96. 2 7, 1. 2 4 g, 2. 5mmol, Ifc^ 
10 0 %] o 




( 3 ) if i/y©!^- 
rt^W 1 L tf);*-- h/HV2 5 0 m L, # V * ^ 

/mL) 1. OmLSrML, ^V^T'±!E«§*0 1 ^mo 1/mLh 
/is^^MmWtO. 5 mL^PxifCo L T © n - * ^ 

^yiOg^i, 5 O^WLfco 1 • OMP 

3 0#fflRJ&&fTfcofc. ^rot, 1 mo 1 /LCDTkmfc-r h V <) & 

£:<, ^f&f 1 ^ o-*l^7 W Win - £ l/TUy SrrtW«iPfc t"C^7> 
^P7h^ 7 7-f-ia!)IIU, *t BJBftf45ffl£«U 1 
2 O^T-l 2#MftflkL£*Lfc. *«>IS** <££/&^M*te7 2 g 
T-fcofc 0 tt&JR3fc9©*y JT-m&Ks 5 2 0 0 kg/g-F 
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